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I’S a giant! ... this lathe built by 

R. K. Le Blond Machine Tool Co. 
Named the “Admiral”, it’s the first 
U.S.-built double-bed lathe. And it 
weighs 75 tons, is 54 ft. 6 in. long, 
120 in. wide. To maintain spindle 
rigidity under 50,000 Ib. line load, 
Le Blond mounts it on Timken’ ta- 
pered roller bearings. And for extra 
quality, the lathe ways are made of 
Timken 91140 steel. Le Blond uses 
Timken bearings to get: 


1) Special precision. Timken bearings 
are made specifically for precision 
spindle applications. 


2) Extra load-carrying capacity. Full- 


BETTER-NESS 


line contact between rollers and races 
gives Timken bearings extra capacity 
and their tapered design lets Timken 
bearings take both radial and thrust 
loads. They hold the spindle rigid. 
3) Extra toughness. The bearing’s 
heart—the steel—is nickel-rich. And 
to be sure it’s the finest we make it 
ourselves ... America’s only bearing 
maker that does. 
4) Virtually eliminate friction. Timken 
bearings are designed and precision- 
made to roll true. 

For machines that perform better 
at lower cost, be sure the ones you 
buy or build are equipped with 


rolls on 


TIMKEN 


t U.S. double-bed lathe... Le Blond’s huge ‘Admiral’: . . 
assures spindle rigidity with Timken® bearings 


Timken tapered roller bearings. The 
Timken Roller Bearing Company, 
Canton 6, Ohio. Canadian plant 
St. Thomas, Ontario. Cable address 
“TIMROSCO”. Makers of lapered 
Roller Bearings, Fine Alloy Steels 
and Removable Rock Bits. 


This symbol on a product mea» 
its bearings are the best 


WHEN YOU BUY TIMKEN” BEARINGS YOU GET.. 


1. Quality you can take for granted 
2. Service you can't get anywhere else 
3. The best-known name in bearings 


4. Pace setter in lower bearing costs 


First in bearings 
for 60 years 


tapered roller bearings 
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LAND-SEA-AIR-SPACE 


Forty Years 
of Leadership 
in American 
Armament 


Preparedness 
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He took the luck out 
of heads or tails 


This AMF engineer had a delicate 
problem: to accomplish the separa- 
tion of the expended stages of a 
multi-stage rocket. If separation 
occurs too soon, thrust in the nearly 
burned out stage may exceed the 
aerodynamic drag, the tail overtakes 
the head, and... boom. A million dol- 
lar collision and no insurance. 


His solution: An acceleration 
switch that turns the burned out 
stage loose at the right split second 
...& switch that makes rockets think 
for themselves. 

His switch is compact. It is de- 
signed to work in any missile at any 
range with any payload. It is ingen- 
iously simple in conception, design, 
and operation. A spring is attached 
to a free swinging hammer, the 
spring force acting to pull the ham- 
mer against the contact plate. At 
calibration the spring can be set to 
oppese any G from 1 to 100. When 
the missile is launched, the hammer 
is held back by the acceleration 
forces until the stage decays to the 
desired separation G. When the 
spring force overcomes the forces 
of acceleration, the hammer comes 
forward, strikes the contact plate, 
and the circuit required to make 
separation is closed automatically. 
No guesswork, no luck, no collision. 


Single Command Concept 


This simple solution to a tricky 
problem reflects the resourcefulness 
of AMF people. 

AMF people are organized in a 
single operational unit offering a 
wide range of engineering and pro- 
duction capabilities. Its purpose: To 
accept assignments at any stage 
from concept through development, 
production, and service training... 
and to complete them faster...in 
* Ground Support Equipment 
* Weapon Systems 
* Undersea Warfare 
* Radar 
* Automatic Handling & Processing 
¢ Range Instrumentation 
* Space Environment Equipment 
« Nuclear Research & Development 

GOVERNMENT PRODUCTS GROUP, 
AMF Building, 261 Madison Avenue, 
New York 16, N. Y. 


In engineering and manufacturing AMF has ingenuity you can use... AMERICAN MACHINE & FOUNDRY COMPANY 





Important news for owners of CEC’s 5-114 recording oscillograph 


NEW RAPID-ACCESS 
DATARITE MAGAZINE 


provides developed, dried, fully visible 


records almost instantly 


Here is the DATARITE Magazine many of you owners 
of CEC’s 5-114 Recordiag Oscillograph have been 
waiting for: The new 5-047. This DATARITE 
Magazine attaches directly to your 5-114. The result 

is a data-processing tool with all the capabilities needed 
for modern dynamic tests—especially attractive for 
low-budget programs. 

RAPID-ACCESS ... THE 5-047 DATARITE 
Magazine provides the shortest access time of any known 
process, and yields records of high trace contrast and 
permanency. The Magazine automatically develops and 
dries oscillograms as quickly as data are recorded 
Ready-to-read test results are available almost simultaneously 
with the occurrence of events under study. 

The 5-047 recording speeds are variable from .45 to 
28.8 ips. Fully developed and visible record is available in 
0.7 second at 28.8 ips record speed. There is a generous 
capacity of 400 feet of conventional thin-base recording paper, 
combined with writing speeds up to 20,000 ips. Power 
requirement is 115 v, 60 cps, 1500 watts for the combination 
of the 5-047 and the 5-114. 

For complete details call your nearest CEC sales and 


service office, or write for Bulletin CEC 1500-X25. 


Electro Mechanical Instrument Division 


CONSOLIDATED ELECTRODYNAMICS 360 Sierra Madre Villa, Pasadena, California 
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LITTLE RED RIDING HOOD ¢ so the story goes... 


research 
development 
design 
prototypes 
testing 
production 


pV 
c 7 


A 
YAN 


350 


was taking a basket of goodies to her grandmother’s 
house. A basket of goodies or coals to 
Newcastle, some of us are always facing the 
problem of transporting things from place to place. 
But never has the problem been so acute as 
that of transporting the deadly and delicate 
missiles of our modern-day defense system. 
When the U. S. Navy needed a new at-sea 
transfer system to replenish fighting ships 
with missiles— Terrier, Tartar, Talos— 
they called upon the engineering capabilities of 
WTA. The result is the now famous grasshopper... 


Your engineering 
capabilities 

are needed, 

too. Write to 

us today for 

the complete 
WTA story. 





2 Washington Technological Associates, Inc. 


979 RULLINS AVENUE + ROCKVILLE, MARYLAND 
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‘Jeep’ XM443E1 showing versatility of its platform principle. 


from Willys: mobile, hard-hitting, airborne ground transport! 


FOR TODAY’S MODERN MILITARY MISSION 


A new concept in lightweight tactical transport, based on the revolutionary platform principle. 
The XM443E1 is designed to meet the needs of today’s, and tomorrow’s, mobile armed forces, 


© Functional! Extreme lightweight, compact design makes most use of critical air 
transport shipping space. Has a 1 to 1 payload to weight ratio. 

@ Versatile! Serves as a personnel carrier, 4-patient ambulance, communications 
unit, surveillance vehicle, forward guidance unit, self-propelled artillery or rocket 
vehicle, supply truck. A family of vehicles in one unit. 

@ Flexible! Just a flip of the seats converts it for cargo or personnel carrying activity. 
Transforms quickly to meet any immediate need. 

© Stable! Independent wheel suspension safeguards personnel and even sensitive 
electronic equipment over the roughest terrain. 


‘Jeep’ M-274 Mechanical Mule 
And famous ‘Jeep’ 4-wheel drive provides double-traction The vehicle that introduced the platform principle. U.S. Army and 


action to take men and equipment...anywhere! Marine Corps units are already equipped with this versatile vehicle. 


7 * 
vehicles are made only by Willys Motors... 
° ° ° KAISER 
one of the growing Kaiser Industries. \# willys 
© Willys Motors, Inc., Toledo 1, Ohio MOTORS 
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Sparrow III Navy air-to-air missile is now , 


Raytheon is prime contractor for this potent 








_ operational with both the Sixth and Seventh Fleets. 


weapon system. RAYTHEON COMPANY, WALTHAM, MASS. qi 


EXCELLENCE IN ELECTRONICS 





Diversified electro nechanical 


systems capability 


AlResearch Actuation Systems For 
Portable Radar tepresent a typical electromechanical systems 


application in ground support equipment. Two types of AiResearch actuation systems 


are now in production for the / 


my’s mobile trailer-mounted ground radar unit. They 


consist of a manually operated antenna folding storage system and an electrically 


powered antenna elevation system. 
Designed to operate under the most severe 
environmental conditions, this type of 
electromechanical system can operate on 
60 cycle A.C., 400 cycle A.C., or 28 volt 
D.C. Other suggested applications include: 
missile launchers, missile ground handling 
and support equipment, armored vehicle 
fire control and ballistic handling systems, 
and mobile communications equipment 
requiring servoed actuating systems. 


THE 


AiResearch leadership in the development 
and production of electromechanical 
equipment for aircraft, ground handling, 
ordnance and missile systems of all types 
also includes such recent examples as 
spoiler servo control systems, magnetron 
and Klystron tuning devices, and safe-arm 
mechanisms for missile igniting. We invite 
you to submit a problem statement of your 
electromechanical requirements. 


CORPORATION 


U.S. Army Signal Corps ground 
portable radar unit operated with 
two AiResearch electromechani- 
cal actuation systems. 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 


Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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Bundy can mass-fabricate 
practically anything 


Bundyweld»—the original double-walled steel tubing—is 
ideal for everything from simple bends to complex shapes 
The old adage, “Don’t count your chickens before they hatch,” is a good 
one... but it rarely applies to Bundy. That’s because, no matter how complex 
your tubing problem, you can count on Bundy for the perfect solution. 





Bundy engineers and designers are backed by years of experience in the 
mass-fabrication of steel tubing. And they are available to you at any stage of 
product development for time- and money-saving suggestions. Their key: 
Bundyweld®! 

Bundyweld steel tubing is double-walled, copper-brazed, stronger, with 
higher bursting and fatigue strengths. That makes Bundyweld the safety stand- 
ard in small-diameter tubing—and a wise choice for a wide variety of tubing 
applications! Covered by Government Spec. MIL-T-3520, Type III. 

So, when you want to talk tubing, talk to the leader—Bundy! Phone, 
write, or wire Bundy Tubing Company, Detroit 14, Michigan. 


NS 


Bundyweld is the Bundyweld is light- 
original tubing double- weight, uniformly 
walled from a single smooth, easily fabri- 
. opper-plate d_stee cated. It's remarkably 
strip, metallurgically 
bonded through 360 
of wall contact for 
strength, high burstingstrength 

Sizes up to *s” O.D. 


resistant to vibration 
fatigue; has unusually 


amazing 
versatility. 


There’s no substitute for the original Bundyweld Tubing. 


BUNDY TUBING COMPANY 


HOMETOWN, PA. © DETROIT 14, MICH. © WINCHESTER, KY. 


WORLD'S LARGEST PRODUCER OF SMALL 
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DIAMETER TUBI? AFFILIATED PLANTS IN AUSTRALIA, BRAZ ENGLANEI 


> FRANCE GERMANY AND 











This scientific pioneer is our Dr. G. K. Wehner, designer of 
the “space chamber” which he uses here to determine the 
“sputtering” or disintegration rate of molybdenum under 


bombardment from atoms moving at 25,000 mph hundreds 
of miles above the earth. His studies can have bearing 
on materials which will be used in future space vehicles. 


General Mills scientists are helping today to 


The Mechanical Division of General Mills is 
contributing to man’s knowledge of space 
through work in the vast field of geophysics. 
Important effort is directed toward increased 
knowledge of space phenomena vital to the 
future of space travel. 

Our research activities cover broad areas in 
physics, chemistry, mechanics, electronics 
and mathematics. Some of the studies repre- 


sentative of these activities are: ions in 
vacuum, deuterium sputtering, dust erosion, 
magnetic materials, stress measurements, 
surface friction and phenomena, trajectory 
data and infrared surveillance. 


In our engineering department, current proj- 
ects include: airborne early warning systems, 
micro wave radar test equipment, antennas 
and pedestals, infrared and optics, inertial 





man reaches the moon... illustration from a book written for General Mills by Willy Ley. 


pave the way for tomorrow’s trip to the moon 


guidance and navigation, digital computers. 


Our entire manufacturing department is 
geared to produce systems, sub-systems and 
assemblies to the most stringent military 
requirements. Our people have a wealth of 


experience in complex military projects. 
We will be happy to discuss with you the 
many ways in which our research, engineer 
ing and manufacturing capabilities can serve 
you. Write for more information. 


MECHANICAL DIVISION 


1620 Central Avenue, Minneapolis 13, Minnesota 


To wider worlds —through intensive Research + Creative Engineering + Precision Manufacturing 








OTHER NAPCO 
DIVISIONS: 

Detroit Bevel Gear Company 

2deral Motor Truck Company 

Axle Division 

Highway Safety 

Appliances Division 


Logistics Engineering 
Division 





OBSOLETE ? NEVER! 
NORTHWESTERN 


ORONANCE PARTS 
KEEPS THEM 


RUNNING / 


Northwestern is the only commercial source in 
the world that manufactures and supplies service 
parts for all type models of U. S. made tactical 
and combat military vehicles. Here is why more 
than 40 nations purchased the majority of these 
needs from Northwestern last year. 


1 Northwestern can guarantee to supply every 
needed part, now and for as many years as may 
be required and will if desired furnish a per 
formance bond guaranteeing that any orders 
which it accepts will be delivered in full by 
specified dates. 
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ORDNANCE PARTS DIVISION 
NAPCO INDUSTRIES INC. 4 Serre 


Dept. W56, Minneapolis 11, Minnesota, U.S.A., Cable: NORAUTO 


2 Northwestern knows military vehicles, and in 
41 years of business has supplied virtually 
every part needed to keep them running. 

3 Northwestern delivers guaranteed parts... 
always in accordance with the original manu- 
facturer’s specifications and quality. Napco’s 
combined manufacturing faci.ities encom 
pass over 800 major machine tools and 1200 
employees. 

Quotations on requirements parts lists are invited 

Master Parts Catalog is available free to interested 

representatives, governments and military 

personnel. 


s 
% 
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KOLLMORGEN Instruments and Systems 
for missile launching observation 


Here are two different Kollmorgen 
products designed for the missiles field. 
One is a remote viewing device, the 
other is used for acquisition and 
tracking. These are essentially optical 
instruments, but most Kollmorgen 
products also include electronic controls 
and components. Kollmorgen specializes 
in design and manufacture of a variety 
of highly precise instruments and 
systems for both industrial and defense 
viewing and inspection applications. 

We have recently prepared a twenty- 
four page illustrated brochure which 
describes our facilities and primary fields 
of interest. For a copy, please write to 
Department 22N. 


Official USAF photos 


At Cape Canaveral, remote viewing of missile firing and static tests is ac- 
complished with Kollmorgen bunker-type periscopes. Bunkerscopes have vary- 
ing degrees of magnification, show images in true color and allow detailed 
observation of hazardous operations with no danger to personnel. The 
photograph at left was taken through a Bunkerscope at low power. For 
close-up observation and photography, the high power range brings the subject 
many times closer. Bunkerscopes are easy to operate, need no special care. 


for missile tracking 


Adapted from a basic Kollmorgen design, Missile Tracking 
Binoculars form an integral part of an acquisition and 
photography system which records the performance of 
tactical air-to-air missiles at China Lake Naval Ordnance 
Testing Station. These high-power, wide-field instruments 
enable an operator to spot and track a missile from before 
the time it is fired until it reaches its designated target. 





_(«} 0 KOLLMORGEN 


optical corporation 
NORTHAMPTON, MASSACHUSETTS 
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The big plus in building today! 


Companies are discovering a new 
way to plant-expansion through 
LuRIA. Specific design requirements 
encountered in all fields of industry 
are being met with simple modifica- 
tions of LuRIA Steel Structures. 

This big plus keeps companies 
returning to LURIA some as 
often as 20 to 30 times! 

Building problems that you will 


face may have been already solved 
by Luria. If so, the solutions can be 
incorporated into your building plan 
. Saving you time and money! 
LuRIA buildings give rugged per- 
manent performance . . . savings in 
investment, erection cost and main- 
tenance expense! 
Before you expand, see your 
LURIA Representative . .. discuss 


LURIA Engineering Company 


Engineers ° 


Fabricators °« 


Constructors 


511 Fifth Avenue, New York 17, N. Y. 


ATLANTA BETHLEHEM, PA. 


DAYTON + PHILADELPHIA - 


360 


BOSTON 


PITTSBURGH + RICHMOND + WASHINGTON, D. C. 


CHICAGO CLEVELAND 


with him your specific plant needs 
and how they might be handled in 
a LuRIA designed steel building! 
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THE TIME: Early 1940. THE ACHIEVEMENT: A small, compact ballistic computer 
for the U.S. Navy. THe resutt: The beginning of Librascope’s leadership in 
the design, development, and production of weapons and navigation control 
systems and components. 
Today, Librascope-designed and manufactured electronic and mechanical 
equipment for the MK 113, MK 111, MK 110, MK 107, and MK 105 under- 
water fire control systems include computers, attack directors, torpedo and 
missile angle solvers, attack plotters, depth plotters, position keepers, target 
motion analyzers, stabilization computers, roll and pitch computers, and vari- 
ous indicators and control instruments. ® Librascope’s simulation laboratories 
provide the Navy with a means for testing and analyzing the performance of 
TODAY'S ANTISUBMARINE equipment under “real attack” conditions. In the field, our engineers assist 
WEAPONS CONTROL COMPUTER in the maintenance and improvement of Librascope systems. 





right 
answers 


when 
you need 
them! 


fi 


f ’ 
j f " 


For information on career opportunities at Librascope, 
write Glen Seitzer, Employment Manager. 


COURTESY NOC-TY FILMS” ‘THE SILENT SeRVICE’’ 


Librascope’s experience creating new concepts in computer 

—control systems for both military and industrial use can GENERAL 
be accurately applied to your specific needs. @ For detailed PRECISION 
information and solutions to your computer problems, write COMPANY 


LIBRASCOPE, INC.* 808 WESTERN AVENUE « GLENDALE, CALIF. * A Subsidiary of General Precision Equipment Corr 
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BASIC BUILDING BLOCKS 





SERVO SYSTEM COMPONENTS 


2 RI 


COMPUTERS 


e Great Circle Course 
and Navigational 

« Inertial Position 

* Guidance 


e Analog and Digital for 
Missile Applications 


Navigational Computer 








e Rate-floated Integrating; 
Spring Restrained 
Vertical—Miniature, 
Self-Contained 
Two Axis Free For 
Missile Control 
Directional, Conventional 
and Roll Stabilized 

=. 3 Gyro, 3 and 4 Gimbal 

Platforms 


Miniature Floated Gyro e North Seeking Theodolites 








MICROWAVE 


, Strip 
ion Lines, 
‘rite Components 
lar rf and Antenna 
4 ssemblies 
Transponder Systems, 
Target Simulators 
st Sets 
Traveling Wave 
Antenna Array Assemblies 


HYDRAULICS 


Es 


Servo Valves 
¢ Two moving parts 
¢ Anti-clogging — 
over size orifices, 
high pressure clearing 
* Flow rates—0-5, 0-10 gpm 
Systems 
2 For hi-performance 
hydraulic or pneumatic 
missile control. 


«+ 


6100 Series Serve Vaive 


INERTIAL GUIDANCE 


Components include 
floated gyros, single and 
two-axis accelerometers, 
first and second integra 
tors, computers. Com 
plete systems in produc- 
tion for major missile 
applications feature high 
accuracy, long-term r« 
liability, light-weight 
construction. 


25 tb. Inertial Blatform 
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Engineers: 
Kearfott offers challenging opportunities in 
advanced component and system development 


Kearfott 


KEARFOTT COMPANY, INC., LITTLE FAL S, N. J. 
A diary of General Precision Equipment Corporation 
ales and Engineering Offices: 1500 Main Avenue, Clifton, N. J 
Off 3 Calendar Avenve, La Grange nois 


Dallas, Texas 


A 
GENERAL 
PRECISION 
COMPANY 








Midwest e 4 
' entral Office: 6211 Denton Drive 
Wes! vost Office. 253 N. Vinedo Avenve, Pasadena alif 
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SURVEILLANCE 
DRONE SYSTEMS 
BY AEROJET 


GENERAL 
wow Re PORA TION Inniagestel 


MPAN 
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To get more t eC 
from your a 
Spray washer 
OVER 50 YEARS CLEANING EXPERIENCE + OVER 250 FIELD SERVICE MEN » OVER 160 MATERIALS 
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New Oakite 198 sprays off soils fast... 
protects in-process parts from rust 


Users tell us that nothing equals Oakite 198 for cleaning compound designed to give you best possible 
cleaning parts in-process. Here’s why they think so: results, designed to reduce your “per unit” cost. You 
can be sure, too, of getting prompt, intelligent in- 
plant service from your local Oakite man. 


© Metal chi h a Send for Bulletin. Oakite Products, Inc., 26 
Metal chips wash away under its action. R ; : ape 
ector Street, New York 6, N. Y. 


¢ Jt clears off heaviest soils at temperatures up to 
180°F, and light soils at room temperature. 


¢ When dry it leaves a protective film that prevents 
the rusting of machined or ground parts prior to 
assembly—yet it doesn’t affect accurate gauging. it PAYS to ask Oakite 
Now largely used in automotive plants, Oakite 198 
is proving its economy as well as its unique effective- 
ness in providing fast, smut-free cleaning plus rust 
protection. It works in single or multistage machines, 
at economical concentrations. 0) A K IT 
Oakite 198 is just one of a complete line of Oakite 
materials for machine eleaning. There are non- 
foaming solvent agents for heaviest duty cleaning, 


alkaline cleaners for removing moderate to light soils. 1909-1959 >—< 
When you ask Oakite you can be sure of getting a ‘years’ leadership in industrial cleaning 
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“The next voice you hear...” 


Tomorrow —or the day after tomorrow — we'll hear To meet these challenges, Hoffman is broadening its 
voices from the remote reaches of space. They will travel capabilities to develop new techniques in space com- 
over electronic highways that span interplanetary dis- munications, such as: 
tances in a matter of seconds. METEOR BURST COMMUNICATIONS * FORWARD SCATTER 

Hoffman has been a leader in modern communica- TRANSMISSION * FREQUENCY SYNTHESIZERS + SELVOX + 
tions since electronics moved from the primitive stage VLF COMMUNICATIONS SYSTEMS ¢ SPECIAL PURPOSE 
of simple entertainment radio to become a major tool ee © ee ee 
of science, industry, and defense. And probing into the Communications problems in the conquest of space 
secrets of space affords the scientists and engineers at are being met now at Hoffman, where creative minds 
Hoffman exciting new areas for exploration. are helping to build the electronic future of America. 


Hoffman Electronics 


CORPORA T 1 
HOFFMAN LABORATORIES DIVISION / 3740 South Grand Avenue, 


Missile Support Equipment. Radar - nunications « Electro 


om 


Solar Power Supplies - Electro-Mechanical Equipment 


Significant developments at Hoffman have created positions for scientists and engineers of high calibre. Please address inquiries to Vice President, Engineering. 





Helping to guarantee a vital 


‘something” for a rainy day 


® hallicrafters 


The effectiveness of America’s defense “umbrella’’— today 

and tomorrow—depends on instant availability of superior elec- 

tronics weapons. 

For over seven years, the Hallicrafters company has been 

answering this urgent need with QRC—Quick Reaction 

Capability. 

For your electronic requirements . . . from single circuit to ENGINEERS: Join our rapidly expand- 


complete system ... for application on land, sea, air or space ing QRC team now. For complete 
information address your inquiry to: 


aliens 2 ORC ac —- = a : al 
. Hallicrafters QRC can provide you with this unique design William F. Frankart, Director of Engi- 


and production service in electronics. neering. 


hallicrafters @ compan 


MILITARY ELECTRONICS DIVISION CHICAGO 24, ILLINOIS 
PROBLEM S RELIABLY SOLVED 
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M-52 Self-Propelled 105-mm 


Howitzer vehicle 


ERICAN CAR AND FOUNDRY 


OIivisiton ACF INDUSTRIES, INCORPORATE O 
Products for Defense 


For example: Rocket Engine Cases*+ Missile Ground Support and iInstaliation Equipment 
Artillery Shells > Radar Structural Members + Armor Piate > Armored Vehicies 


AMERICAN 


Mitchell camera shown with 1200’ magazine. 


MIT 


No other motion picture camera is 
today used for such a broad range of 
exacting film making as is the 
Mitchell. The versatile speed of the 
camera, ranging from 1 to 128 frames 
per second, plus 14 exclusive features 
equip the Mitchell for an impres- 
sively broad range of cinematogra- 
phy. A single Mitchell can meet the 
requirements for finest quality TV 
commercials, feature productions, 
public relations, sales and training 
films, progress and report films, plus 
critical research and development 
data and record photography. 

Mitchell cameras include: 35mm 
and 16mm cameras; 70mm 2% x 2%4 
high speed cameras; and 70mm, 
65mm and standard aperture cam- 
eras. 

For information, write on your 
letterhead— please indicate which 
model camera your request concerns. 


WORLD'S MOST 
FLEXIBLE 
MOTION PICTURE 

CAMERA 


—— 


—— wren 


CHELL 


a Pid 
GENERAL ELECTRIC uses Mitchell for BUD WILKINSON PRODUCTIONS shoots 


wide range of work, including slide its award-winning TV Sports Series 
films. with the Mitchell, 


KEARNEY & TRECKER films first fully LOCKHEED AIRCRAFT CORP., uses 
automated tape controlled combina Mitchells continuously throughout 
tion machine too! with the firm's plant, here records jet flight 
Mitchell camera. 


85% of All Professional Motion Pictures Shown Throughout the World Are Filmed with Mitchell Cameras 


r 
Mitchell Camera Corporation, 666 West Harvard Street, Glendale 4, California 
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1912 — First Automatic Flight — by SPERRY 


NOW...FROM SPERRY 
The First Universal 


REPLACES COSTLY CUSTOM SYSTEMS 


A revolutionary 5-pound power unit is making avia- 
tion history. This “black box” is a universally adapt- 
able servo system ...and the heart of aviation’s first 
Universal Automatic Pilot. The building block system 
will provide precise automatic control for all types 
of U.S. Army aircraft, including drones. Below the 
cost of custom-engineered flight control systems, it 
offers a variety of installation “packages” to achieve 
exactly the desired degree of flight automation. 


DEVELOPED BY SIGNAL CORPS AND SPERRY 


More than three years of study and development by 
the Avionics Division of the U.S. Army Signal 
Research and Development Laboratory, and Sperry, 
have gone into the design of the Universal system. 


ANY COMBINATION OF COMPONENTS 


By means of a small plug-in computer capsule, the 
system adapts itself to each aircraft type. A universal 
power unit is installed for each flight axis which it is 
desired to control: roll, pitch, yaw and throttle for 
fixed-wing aircraft, plus collective pitch and rotor rpm 


for helicopters. 
UNIFIED COUPLING 


An automatic navigation coupler gears the system to 
take its commands from such sources as VORTAC, ILS, 
radar altimeters, Doppler radar, and terrain-clearance 
radar — selected by the pilot. A special guide line 
coupler will permit helicopters to be flown “like kites’ 
from the ground, 


LOW WEIGHT PLUS EASE OF MAINTENANCE 


Weight factor varies with the degree of automation 
but a full fixed-wing system totals just 39 pounds; the 
complete five-axis helicopter system, only 54 pounds. 
Use of the unique “building blocks” simplifies main- 
tenance and significantly reduces the amount of elec- 
tronic harnessing and other cabling required. 


By pioneering the development of the Universal Auto- 
matic Pilot, the Signal Corps and Sperry have made 
a major contribution to airborne technology, logistics, 
and the entire field of automatic control. 


SPERRY PHOENIX COMPANY, 


November-December 1959 


Since Lawrence Sperry first flew automatically, 
thousands of Sperry automatic pilots have 
been standard equipment on a wide variety 
of aircraft— both military and commercial 


Automatic Pilot 


(5) (6) 


(1) Grumman YAO-1 Mohawk (2) Sikorsky H-34 Choctaw (3) Sikorsky 
H-37 Mojave (4) Beech L-23 Seminole (5) De Havilland YAC-1 Caribou 
(6) Vertol H-21 Shawnee 
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NO 

FIELD 
FIRING 
FAILURES 
WITH 
ORDCO 


SOFAR 


ORDCO Sound Fixing And Ranging de- 
vices—SOFAR—are engineered for no 
field firing failures. SOFAR units 
withstand water impact up to 70,000 
Gs, arm at the correct depth and have 
fired with 100% reliability. 

These SOFAR bombs, and related 
location-tracking equipment, have ex- 
plosive charges ranging from .7 of a 
Ib. to 10 Ibs. Produced for the Armed 
Forces, they are the result of five 
years of ORDCO pioneering research 
and development. 

ORDCO needs ordnance engineers. 
Please submit resumes to the chief 
engineer, Verne Luedloff. 


—reliable explosive- 
O O actuated devices made 
for the missile industry 
ORDNANCE RESEARCH & DEVELOPMENT CO 


6856 Tujunga Ave., North Hollywood, Calif 





ATOMIC 


ENERGY 








Plant Conversion 
The Food Machinery 
Corporation, New York, N. Y., recently 


was awarded a $13.5 million contract for 


and Chemical 


the conversion of the former Dana Heavy 
Water Plant of the Atomic Energy Com- 
mission at Newport, Ind., into an Army 
Chemical Corps production facility. The 
contract calls for design, construction, and 
test operation of the facility for the pro- 
duction of chemical agents. 


Army 


set up separate contracts for operation 


Upon completion, the intends to 
and maintenance of the plant. Studies indi- 
cate that it will cost $8 million less to 
Dana plant than it would to 


Plant de- 


convert the 
build a complete new facility 
sign at Newport, as at all major Chemi- 
cal Corps installations, will incorporate 
the ultimate in safety devices and precau- 
tions. 

Situated on land owned by the Depart- 
ment of Defense, the Dana plant was 
originally built by the AEC in 1950-1951, 
and went into operation in May 1952 It 
has been maintained on a stand-by basis 
in the period since June 1957 following 
the Commission’s determinati 
U. S. possesses an adequate stockpile of 


heavy water. 


Thermal Breeder Reactors 

The Atomic Energy Commission has 
initiated a long-range program to develop 
effective thermal breeder reactors which 
would make full use of the latent energy 
for the pro- 


gram, to be known as the thermal breeder 


thorium. Responsibility 


reactor program, has been assigned to 


the Commission’s Oak Ri 


operations 


mce, 


Thorium element which, when 


bombard is converted to 


f ranium 233. It is more abun- 


issiona 
in the earth natural uranium. 
he amount of known reserves 
be exploited for commercial use 

than natural uranium. 
\ thermal breeder reactor is a reactor 
in which the nuclear chain reaction is sus- 
tained by neutrons moderated or slowed 
down to thermal (heat) energies and in 
which more fissionable material is pro- 
1. In the 


duced than is consumes initial 


loading of the thorium-uranium cycle, 
thorium is inserted in a reactor fueled 
with either uranium 235 or uranium 233, 
both fissionable materials 

The chain reaction is sustained by the 


uranium while the thorium is converted 


to new uranium 233. The uraniun 


produced is then available to replace 
fissionable material used during the re 
actor’s operation. 

The new program has as its objective 
the development of a thermal breeder re 
actor capable of converting thorium t 
fissionable fuel material at a doul 
time of not more than twenty-five years 
The term “doubling time” refers to the 
time necessary for a reactor to produc: 
enough excess fissionable material to start 
up a second similar reactor. 

The new program also involves a re 
orientation of work on the fluid fuel reé 
um previously conducted for 
Brookhaver Na 
N. ¥ , and the 


( ompany, 


actor progr 
the Commission by the 
tional Laboratory, Upton, 


Wilcox 
burg, Va., on the liqui 
(LMFR) concept and he Oak Ridge 


National Laboratory, Oak Ridge, Ten 


Babcock & 


on the aqueous homogeneous reactor 


(AHR) and molten salt reactor (MSR) 
concepts. 
Much of the work or 


j 


been directed t 


red 
reactors of these 
power During 


fiscal year 1960, researc! and devel 


AHR, MSR, and LMFR 


‘ 


concepts, except as applicable to the new 


tion of economic 


ment on the 
program, will be discontinued an 
sition of financial support n 
new program 

The Commission's decision 
the fluid fuel 


thermal bree 


and im 
reactor progran 
based on the resul f a study by 
cial task fore: f scientists and engi 
convened by } 
1959 to m: ‘omparison of the reactor 
concepts in the fluid fuel pro 
gram. 

Asa of task-force estimates of 
the power costs of large-scale fluid fuel 
reactors and on the cost and scope of re- 
search and development compared with 
that of 

] 


vanced stages of development, the 


other reactor concepts in ad 
Com 
mission concluded that there is little in 
centive for further development of fluid 
fuel reactors as an approach to the attain 
ment of low-cost nuclear power in th 


near future. 


Mobile Laboratories 


Two mobile laboratory units have be 
International Atomic 
Energy Agency (IAEA) by the United 


(Continued on p. 374) 


presented to the 
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COMPUTATION —PRIMED FOR THE TEAM PROGRAM 


BURROUGHS CORPORATION !S UNIQUELY PREPARED TO CAPTAIN OR CREW THE CONTRACT TEAM 
PROGRAM. ITS MAJOR CONCERNS ARE COMPUTATION—AND COOPERATION, THE FORMER RANGING 
FROM BASIC RESEARCH AND SYSTEMS ENGINEERING THROUGH PRODUCTION TO FIELD SERVICE; THE 
LATTER DEMONSTRATED BY EFFECTIVE INTERFACING RELATIONSHIPS AND INTER-TEAM COMMUNICATION, 
-WITH THE BENEFIT OF BOTH, THE TEAM APPROACH TO ANY SPACE AGE PROBLEM IS SMOOTHER, 
STRONGER, AND ABOVE ALL, SUCCESSFUL. 


ted Burroughs Corporation 


“NEW DIMENSIONS / in computation for military systems” 
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The AISI 4340 steel in these gears gives you strength, toughness, and reliability. 
It’s readily annealed, yet it can be machined at fairly high hardness levels. It 
welds easily with appropriate procedures and responds reliably to heat treatment. 


Gears of 4340 Nickel alloy steel 
keep slabbing mills rolling ...dependably 


How well do heavy-duty gears of 4340 
Nickel alloy steel perform? 

United Engineering and Foundry 
Company reports, ‘4340 Nickel- 
alloyed steel mill gears are still on 
the job after three years’ service.” 

You can expect maximum per- 
formance from 4340 through-harden- 


ing steel because of its excellent 


combination of strength and tough- 
ness when properly heat treated. Its 
high hardenability insures uniform 
properties in parts like gears which 
have different section sizes. 


4340 through-hardening Nickel al- 
loy steel may be the answer to your 
own parts problem where moderate- 
to-heavy sections are involved. You’ll 


find this steel easy to process ana 
readily available from Steel Service 
Centers throughout the country. 

Technical information on 4340 and 
other Nickel-alloyed steels is readily 
available, too. Just ask us for the 
facts you want. 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street gikeo, New York 5, N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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“CAN 


TAKE IT* 
WITH YOU 


a 


with Ti electronic surveillance systems 


vs Target acquisition and recognition: You can search Plus: training aids and maintenance services 
a huge area in minute detail for widely separated, lethal to assure that both men and equipment are at 
forces and installations — many of which are highly mobile. top efficiency. 


7 Target location: through navigational aids so accurate This capability now exists at TI, with the latest 
that conventional warheads may be used on concentrated and most sophisticated airborne reconnaissance 
targets with a high probability of success. systems being flown daily at TI’s Avionics 
Test Center. 
Data Handling: to interpret and relay the target data 
from TI-equipped drones and snooper aircraft to the field 
commander in useable form. 


For detailed giscussion of TI Surveillance hard- 
ware, currently in production for the USAF and 
US Army Signal Corps—cleared personnel 
: Weapon damage assessment: verifies weapon accuracy “with need to know” are urged to call or write: 
and evaluates the remaining threat. SERVICE ENGINEERING DEPT. 


RESEARCH/ DESIGN/DEVELOPMENT/MANUFACTURING of systems for: Air traffic control e Airborne 
early warning @ Antimissile @ Antisubmarine warfare @ Attack control e Countermeasures @ Missile systems 
Navigation @ Reconnaissance @ Space electronics; and on detector cells, engine instruments, infrared, intercom, 
microwave, optics, sonar, radar, telemetry, time standards, timers, transformers and other precision devices 


TEXAS =“ INSTRUMENTS 


APPARATUS DIVISION INCORPORATED 
6000 LEMMON AVENUE 


DALLAS 8. TEXAS 





RED SEAL RUGGEDNESS 
AND 
RIGHTNESS OF DESIGN 


are helping to build product acceptance 
for leading builders of 


SPECIALIZED EQUIPMENT 


Ingersoll-Rand compressor operating paving breaker. 


Power: Continental. 


In design, in materials, and in lasting performance, Continental 
Red Seal engines give you the benefit of 57 years’ aggressive engi- 
neering. Traditional Red Seal ruggedness finds its natural reflection 
in rock-bottom upkeep costs. You find Continental-powered equip- 
ment on the job—wherever there's a job to be done—in excavating, 
ditching, concrete ripping, railway building and maintenance, 
and all phases of road construction. Every 

Continental Red Seal is not only built for the 

job, but backed by parts and service facilities 

the world over. 


6 EAST 45TH ST. NEW YORK 17, NEW YORK © 3817 S. SANTA FE AVE, LOS ANGELES 58, CALIF. 
6218 CEDAR SPRINGS ROAD, DALLAS 35, TEXAS + 1252 OAKLEIGH DR. EAST POINT (ATLANTA) GA. 
ST. THOMAS, ONTARIO 





Atomic Energy (Contd.) 





States as part of the Atoms-for-Peace 
program proposed by President Eisen 
hower in a speech before the United Na- 
tions on December 8, 1953. 

The laboratories will equip the IAEA 
to initiate for interested countries a pro 
gram similar to the radioisotopes training 
courses offered by the Oak Ridge Institute 
of Nuclear Studies (ORINS) at Oak 
Ridge, Tenn., thus enabling foreign uni 
versities and research institutions to give 
such instruction. 

The mobile units were designed by 
ORINS at the request of the Commission, 
and the Lyncoach Company, Inc., On- 
eonta, N. Y., did the construction work. 

Each self-contained, bus-type unit is 
about 35 feet in length and carries its 
own 10-kilowatt generator to provid 
power for the training equipment. It will 
accommodate six students at each session 
The total cost of each laboratory, includ 
ing the equipment, is about $56,000 which 
will be paid from Mutual Security funds 
made available to the Commission by the 
U. S. International Cooperation Adminis- 


tration. 


U. S.-Euratom Research 

The U. S.-Euratom Joint Research and 
Development Board recently announced 
the award of contracts totaling approxi 
mately $315,000 to three United States 
and European research institutions and 
industrial firms. The awards represent the 
first contracts to be negotiated under the 
U. S.-Euratom Joint Research and Devel 
opment Program 

rhe firms and the nature of their pro 
posals are: American Standard Corpora 
tion (U. S.)—clad ceramic plate fuel 
elements by spray-coating techniques ; Bat 
telle Memorial Institute (U. S.)—boiling 
heat transfer and void distribution on 
studies with water coolants; Compagnie 
Industrielle Des Ceramiques Electroniques 
(France)—study of the extrusion of ura 
nium oxide 

The U. S.-Euratom Joint Research and 
Development Board is continuing its ré 
view of the over 200 proposals received 
from United States and European firms 
in response to an invitation issued last 
December to industry, research groups, 
and educational institutions to participate 


in the joint program. 


Commercial Reactor Fuels 


Vitro Engineering Company, a division 
of Vitro Corporation of America, has 
been awarded a $4.3 million contract by 
the Atomic Energy Commission to design 
and engineer a new facility at the Han- 
ford Works for the processing of com- 
mercial power reactor fuels 

This facility, planned for operation in 
early 1961, will reprocess from 50 to 150 


1 element materials 
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(up to 5 per cent U-235). It will be 
l 


capable of handling fuel elements of all 
designs and shapes including oxide and 
alloy cores clad with aluminum, zir 
conium, and stainless steel. Elements will 
be received in shielded casks, stored in a 
water environment, dismantled mechani 
cally, and chemically treated in prepara- 
tion for processing by solvent extraction 
in existing Redox facilities. These Redox 
facilities were originally designed by 
Vitro for the AEC in 1949, 

A new receiving building will be used 
for the transfer, cleaning, and handling 
of fuel element casks delivered by rail 
cars. New facilities for fuel-element stor 
age, mechanical preparation, dissolution, 
and metal-solution storage will be housed 
in existing buildings 

| ndissolved fuel ¢ lements will be stored 
in redesigned tanks in existing heavily 
shielded ren ype cells. Element fit 
tings will be removed mechanically and 
the elements dissolved in new equipment 
in existing cells. Metal solutions will be 
clarified by centrifugation before interim 


storage in relocated vessels 


Tanker Reactor Study 


rhe Atomic Energy Commission 
awarded a contract to Combustion 
neering, Inc., Windsor, Conn., 
sign am f 
pressuriz 
tanker 
is to be compl | by the end of the 
is $150,000 1K s being conducted 
with the cooperation of the Maritime Ad 
ministration, | epartmen f Con 
merce 

Che Combustior ngineering study is 
part of an AEC project to investigate the 
suitability of rious reactor types to 
erve as the nuclear power plant for a 
45,000-deadweig ton tanker capable of 
being built and ready for operation by 
1964 The shit would ar -> @ speed of 
18.5 knots at a normal shaft horsepower 
of 27,300: maximum shaft horsepower 
would be 30,000 

Reactor types being studied by the Com- 
mission for possible nuclear tanker appli 
cations include: direct cycle, natural cir 
culation, boiling water; indirect cycle, 
boiling water; natural circulation, pres 
surized water; and organic moderated 


and cooled. The design and engineering 


studies for the nuclear tanker were au 
thorized by Public Law 86-50. 

The Combustion Engineering study will 
include an appraisal of present pressurized 
water reactor technology for maritime use 
reflecting latest proven advances 
pointing to future improvements Special 
emphasis will be placed on the criteria of 
simplicity of design, con pactness, 
regulation, and other features which would 


lead toward lower costs, 
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STAGE SEPARAT 
Mc/S/A non- 
sive bolts separate the 
ERER satellite from its 
THOR booster stage. These 
combine compact design, re! . 
lightweight and high. strength 


PAYLOAD SEPARATION 
Mc/S/A pressure cartridges op 
erate the pin-puller to 
separate the payload the 
DISCOVERER second-stage. Elec- 
trically or mechanically initiated, 
the units produce controlled pres 
sure output in accordance with 
customer specification 

GUILLOTINE/VALVE 

OPERATION 
Mc/S/A pressure cartridges oper 
ate a guillotine which cuts hy 
draulic and pneumatic lines in 
the missile system. They also pro 
vide energy to operate valves in 
the oxygen and fuel systems 


Explosive power units can be used in similar applications to their use 
in the Lockheed DISCOVERER satellite project They operate in the 
environmenta! conditions encountered by missiles. rockets and space vehicles. 


McCormick Selph Associates 


HOLLISTER AIRPORT/ HOLLISTER, CALIFORNIA 





Why it pays you to specify 


Bendix QWL Electrical Connectors for use with Multi-conductor Cable 


For use with multi-conductor cable on missile launching, 
ground radar, and other equipment, the Bendix* QWL 
Electrical Connector meets the highest standards of design 
and performance. 


A heavy-duty waterproof power and control connector, the 
QWL Series provides outstanding features: e The strength 
of machined bar stock aluminum with shock resistance and 
pressurization of resilient inserts. e The fast mating and 
disconnecting of a modified double stub thread. e The 
resistance to loosening under vibration provided by special 
tapered cross-section thread design. (Easily hand cleaned 
when contaminated with mud or sand.) e The outstanding 
resistance to corrosion and abrasion of an aluminum surface 
with the case hardening effect of Alumilite 225 anodic 
finish. e The firm anchoring of cable and effective water- 
proofing provided by the cable-compressing gland used 
within the cable accessory. e The watertight connector 
assembly assured by neoprene sealing gaskets. e The addi- 


tional cable locking produced by a cable accessory designed 
to accommodate a Kellems stainless steel wire strain relief 
grip. ¢ Prevention of inadvertent loosening insured by a 
left-hand accessory thread. e The high current capacity 
and low voltage drop of high-grade copper alloy contacts. 
Contact sizes 16 and 12 are closed entry design. 

These are a few of the reasons it will pay you to specify the 
Bendix QWL electrical connector for the job that requires 
exceptional performance over long periods of time. *rraoemar« 
Export Sales and Service: Bendix International Division, 205 E. 42nd St., New York 17, N.Y 


Canadian Affiliate: Aviation Electric Ltd., 200 Laurentien Bivd., Montreal 9, Quebec 
Factory Branch Offices: Burbank, Calif.; Orlando, Florida; Chicago, Ill.; Teaneck, 


New Jersey; Dallas, Texas; Seattle, Washington; Washington, D. C 


“Gendix” 


Scintilla Division 


Sidney, New York 





We Believe that Peaceful co-existence is best maintained by being Too Tough to Tackle 





MASON & HANGER — SILAS MASON CO., INC. 
ENGINEERS and CONTRACTORS 





500 Fifth Avenue 
New York 


Designers of Explosives Processing Plants and Explosion Resistant Structures 


Builders and Operators of Ordnance Facilities 


Lexington 
Kentucky 
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AERONCA PRODUCES ALUMINUM HONEYCOMB 
RADAR REFLECTORS FOR B-58 BOMB-NAV SYSTEM 


HONEYCOMB 
“EYES” 

FOR 
HUSTLERS 


To withstand the environmental factors of supersonic performance, 
the Convair Hustler utilizes a variety of honeycomb sandwich 
structures for major airframe and sub-system components. Its 
bomb-nav system’s high-gain radar antennas exemplify these 


technologically advanced structures. 


Aeronca produces the precision parabolic radar reflectors as a 
D-T-P* “envelope” project, on a subcontract basis. 

Highly specialized skills and facilities are required to 
meet their stringent specifications. 


A pioneer in honeycomb sandwich fabrications, 
Aeronca has the versatile, integrated 
facilities necessary to supply weapon 

system envelopes efficiently, 

economically and on-schedule. 




















Gpreemggye to curvature tolerances of k manufacturing corporation 
~.005", these precision honeycomb 
structures illustrate Aeronca's coordi- 
nated Design-Tool-Produce capability. 





1718 GERMANTOWN ROAD ¢ MIDDLETOWN, OHIO 


Operational expansion has created openings for additional senior engineers. Write to W. W. Gordinier, Personnel Manager. 
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LVTP-5 amphibian tank Demountable truck body 


— Pi sSteseia wee ws) eee) 


New York Central coach 





New York Central caboose 


Specialized packing 
and shipping container 


Any} equipment you may need 


Radar antenna mount 


| ST. LOUIS CAR CAN BUILD 


free sa write for your copy of 


this informative 20-page photo-brochure. It 
shows our equipment and facilities 
St. Lavis Car Company | and the versatility of our production program. 














8000 North Broadway ° St. Louis 15, Mo. 


St. Louis Car Lam pany 


BRANCH OFFICES in New York, Washington, Cleveland, Detroit and San Francisco. 
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FROM TAPCO... 


Secondary Power "E 


FOR MISSILES AND 


@% 3 







Secondary Power Systems 
using any energy source 
for any power output 









New TAPCO-developed UNIPUMP is a solid-fuel, self-regulating, 
single-shaft turbo-hydraulic supply. Capacities from 1 to 5 gpm 
at 3000 psi for durations up to 3 minutes. 






Here you see a few of the secondary power systems 
developed and built by Tapco for leading missile 
and aircraft manufacturers. These systems provide 
power for flight control and generate electrical 
energy with precisely-controlled frequencies as low 


as +.001% 


Some Tapco secondary power systems operate in 
high-temperature ambients. Others operate in the 
cryogenic range. Our half-century of experience in 
producing precision components to function reliably 


in abnormal ambients is especially important in 











This TAPCO Auxiliary Power Unit, driven by a 4-stage solid 









fueled turbine, produces 70 HP to generate 40 kva. of electricity 












and to drive a Aydraulic pump tor actuating controls 








MINIAPS. a new TAPCO-developed solid-fuel miniature turt yenerat 
Liquid fuel self-contained electrical and hydraulic power supply provides up to 200 watts of power. This multiple output concept sus 
designed and developed by TAPCO. Solid fuel versions of these precise voltages and frequencies, in both AC and D¢ ent { 
auxiliary power supply units are being used in Terrier missiles. a ee re 











Auxiliary power unit designed by TAPCO to provide package system which requires only a start signal 
all electrical and actuation power for the advanced to provide power for the missile during flight. It 
Bomarc missile. This is a completely self-contained meets unusually difficult environmental conditions. 


present-day and future applications. Also, our Years of experience in developin Il type 
experience with metals and materials to resist the pneumatic, electronic and mechanical controls ts still 
effects of corrosive liquids and gases is vital in inother part of TAPCO’s secondary power system 
producing turbines and power system components capability. This includes rotating electrical machinery 

} 


that are in contact with unusual combustion condi- ind electronic and electrical speed controls with 


tions resulting from liquid and solid propellent transistorized components 


gas generators Ad 
. 4 


need research is now underway at TAPCO to 

Some secondary power applications more eco determine the secondary power systems of the future 
nomically use bleed or ram air as an energy source Chis activity includes the investigation of such new 
Parco’s broad background in the development of air energy sources as fuel cells, solar power and 


turbines is valuable in applications of this type nuclear powe! 


TRW 
| 


TAPCO GROUP 
Thompson Ramo Wooldridge Inc. 


CLEVELAND 17, OnIO 


DESIGNERS AND MANUFACTURERS OF SYSTEMS, SUBSYSTEMS 
AND COMPONENTS FOR THE AIRCRAFT, MISSILE, ORDNANCE. 
ELECTRONIC, AND NUCLEAR INDUSTRIES 


Air-driven turbine and 60-kva alternator with TAPCO-designed controls that 
hold 400-cycle current to ~'4% stability in compounded operation. 





In the TAPCO main research and test center shown here, all types 
of operating conditions can be simulated ...high altitudes, elevated 
and cryogenic temperatures, high-speed rotation, hot-liquid and 
solid-fuel feeds, and multiple-G. Twelve other TAPCO research and 
test labs throughout the country augment this laboratory. 


AT TAPCO... 
Capabilities and Facilities 


to develop any 
Secondary Power System 


For designing and developing secondary power systems 
for new applications, the Tapco Group includes stress 
analysts, ceramicists and metallurgists, combustion engi- 
neers, Computer programmers, and a score of other 
talents. A new project or idea can be staffed promptly with 
experts from the 1250-man TAPCO engineering group 


Available to these people are complete research, 
development, and test facilities, with equipment ranging 
irom a 240-circuit, 80-channel analog computer to a 
high-altitude environmental test chamber 


In addition, when very unusual projects require it, 
the research people and facilities from the TRW staff 
and the |! other TRW divisions can be called on 


More than 3-millicn square feet of Tapco manufac- 
turing facilities, equipped with every type of modern 
precision machine tool, are available to deliver your 


secondary power system on-schedule. 


Ihree Tapco testing facilities can test any secondary 
power system under simulated or actual operating condi- 
tions. This assures you of ready-to-go units proved to 
meet your requirements 

Let us work with you and your staff on your next 
requirement for a secondary power system of any type. 
Write to: 


TAPCO GROUP 
Thompson Ramo Wooldridge Inc. 


CLEVELAND 17, OHIO 


DESIGNERS AND MANUFACTURERS OF SYSTEMS, SUBSYSTEMS 
AND COMPONENTS FOR THE AIRCRAFT, MISSILE, ORDNANCE, 
ELECTRONIC, AND NUCLEAR INDUSTRIES 


TAPCO’s 1100-acre Roanoke Test Facility can run tests involving 
high-G, very-high temperatures, supersonic sound, high-amplitude 
vibration, high-radiation, shock, and high- altitude conditions in 
any combination. Shown below are some of the environmental test 
buildings, with Rucker-Centrifuge pit to handle sustained acceler- 
ation from 0 to 60 G's and package sizes up to 600 Ibs. 

Ww 





AMERICAN ORDNANCE ASSOCIATION 
Founded 1919 


\ patriotic, educational, scientific, nonpolitical, and nonprofit- 
making organization of American citizens dedicated to sci- 
entific and industrial preparedness for the common defense 
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HON. THOMAS S. GATES, JR. 


Deputy Secretary of Defense 





Arms and the Budget 


Our widespread military commitments demand balanced appropriations 


HE Department of Detense in 


its role as the management of 

the Nation’s most massive enter 
prise is faced with another period of 
unusually grave decision. 

Defense leaders must not only carve 
up a budget fixed by economic instead 
of strategic considerations, but they 
must ensure that the United States does 
not drop its guard in the face of ill 
conceived pressures brought on by re 
cent Communist blandishments. 

Thomas §S, Gates, Jr., appointed Dep 
Secretary 


Donald A. 


has a background of over six years of 


uty Detense upon the un 


timely death of Quarles, 
invaluable experience within the pen- 
tagonal maze. As Under Secretary and 
then Secretary of the Navy, he was 
concerned more with the broad aspects 


Nation’s 


defense than with the Navy as an iso 


of sea power as part of the 
lated service in our armed forces. 

This administrative background in 
government and his knowledge of the 
inner workings of industry will enable 
Mr. Gates to take over a large share of 
Defense 


the burdens of Secretary of 


McElroy. 


N the inner sanctum of high-level de 

cisions on budget distribution, the 
Secretary of Defense and his Deputy 
are being bombarded with pleadings. 
Each military and civilian leader will 
have irrefutable requirements upon 
which the life of the Nation may de- 
pend—but in front of them is the stark 
figure of about $41 billion. At this 
economic stone wall they must stop 
because bemused economists advise that 
the Nation, already burdened by bil- 
lions of dollars of agricultural surpluses, 
would crumble under a heavier finan 


cial load. 
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Hon. Thomas S. Gates, Jr., 
the Deputy Secretary of De- 
fense, was born in Germantown, 
Pa., and has been a lifelong 
resident of the Philadelphia area. 
He was graduated from the Uni- 
versity of Pennsylvania in 1928 
and joined the firm of Drexel & 
Company, investment bankers, 
becoming a partner in 1940. 


Mr. Gates was commissioned 
in the Naval Reserve early in 
World War II and served on 
active duty throughout the war. 
His first assignment was the or- 
ganization of the Naval Air In- 
telligence Center, Commander 
in Chief, Atlantic Fleet. He 
served in the carrier MONTEREY 
throughout 1943 and then re- 
ported to the staff of Rear Adm. 
Calvin T. Durgin who com- 
manded our carriers in the in- 
vasion of southern France. 


Mr. Gates returned to the 
Pacific where he fought the re- 
mainder of the war, taking part 
in operations in the Philippines, 
Iwo Jima, and Okinawa. For his 
war service he twice was 
awarded the Bronze Star and 
now holds a commission as cap- 
tain, U.S.N.R., on the retired list. 


Mr. Gates was appointed Un- 
der Secretary of the Navy by 
President Eisenhower and as- 
sumed that office in October 
1953. On April 1, 1957, he suc- 
ceeded the Hon. Charles S. 
Thomas as Secretary of the 
Navy. On February 10, 1959, 
President Eisenhower accepted 
Mr. Gates’ resignation as Secre- 
tary of the Navy. Subsequently, 
on the death of the then Deputy 
Secretary of Defense, Donald A. 
Quarles, Mr. Gates was nomi- 
nated to the position and as- 
sumed office on June 8, 1959. 











Behind closed doors the proponents 
of strong limited-war capabilities battle 
deterrents. 


those for all-out-war 


We need more trained fighting men, 
but missiles are frighteningly expensive 
to develop and produce. The armed 
forces we have are not adequately 
equipped with modern arms, but that 
expense must be balanced against more 


funds to reach out into space. 


Mainte! 


training operatiot innot be 
pay and perquisites must 


} 


best men—but the 


be cracked. It is 


ple xities. 


HE calculated risk is no longer on a 

profit-and-loss basis—it may affect 
thousands of lives rather than livelihood, 
even the life of the Nation. Politics as 
sume a much broader aspect when both 
the dedicated legislator who seeks the 
best for his country and the one who 
seems interested only in local benefits 


must be convinced of defense needs 


International relations can explode or 


Wy 1 1 ma 
swing like a pendulum to the el! 


' , , 
barrassment of detense planners, 


It is in the latter imponderable area 
that the Defense Secretary, his Deputy, 
faced with 


toughne ss of 


and all his advisers may be 


the need for extreme 


mind. It is foreseen that there wi be 


many pressures to reduce our strength 


in the face of talk about relaxing inter 


national tensions before such talk has 


been substantiated and proved reall 
by visible deeds 

Mr. Gates. through his wartime ser 
ice and his years in top Pentagon < ircles, 
has worked closely with the uniformed 
conhdence and 


Defense 


leaders and has their 


respect. He is familiar with 


Department operations since, as chair 
man of the Navy Department Reor 
ganization Committee 1n 1953, he made 
a study that included the Office of the 
Secretarv of Defense in order to ensure 
maximum cooperation by the Navy De« 
partment. 

In all 
splendid qu ilihcations for his new o 


Secretary Gates has 


respects 


ee 


and the Association welcomes 


upport, 
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Guns in'the,Atomic Age 


ei 


* 


HE celerity with which antiair 
craft artillery has been replaced 
in a few short years, on land and 

sea alike, by surface-to-air missiles has 
undoubtedly encouraged a public beliet 
that a similar fate for all artillery is just 
around the corner. Indeed one occa 
sionally reads expressions of that belief, 
coming from people who should know 
better. 

The missile now is supreme in sur 
face-to-air missions for just one reason 
—the aerial target’s behavior today is 
totally unlike that for which artillery 
was designed. The aerial target of 1959 
much 


flies very much faster and very 


higher than did that of 1939-1945. 


Incidentally some 600 artillery shells 


were expended for every airplane 


brought down in World War II, and it 
took no keen insight to realize in 1945 


that for shooting down the newer 


planes then on the drawing board even 
antiaircralt would be 


the best guns 
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Mr. Watson ts au ell knou n 
military analyst and holder of 
the 1945 Pulitzer Prize for in 
ternational correspondence. He 
is military correspondent on 
the staff of the Baltimore Sun. 





about as effective as the bow and arr« 


Hence the understandable rush to 


the surface-to-air missile, and the con 
tinued rush to make it better, swifter, 
carrying a far more 


destructive warhead, and possessing an 


higher-reaching, 


in-built intelligence to which the anti 


aircraft artillery shell never aspired. 


But the problems of surface-to-sur 


face fire have undergone no such enor 
mous alterations. To cope with ther 
there is as yet no universal need for re 
placing tube artillery with missile or 
artillerymen and 


rocket fire ° Rather, 


ordnancemen are united in the belief 


that for the fundamental missions of 


(Air Force photo) 


the combat division, whether in nuclear 
or nonnuclear wartare, the gun tube is 
far superior to the missile in precision 
as well as economy. 
In surface-to-surface activities the 


missile and the rocket serve a very 


large purpose, but only for supplemen 


tary missions. In this area they do not 


replace the gun and will not do so dur 


ing the predictable future, in the judg 
ment of respected experts both in ord 
nance and in operations. 

T is necessary to bear in mind the 


distinction between the require 
ments of divisional firepower and thos¢ 
of corps or army units. The division is 
concerned almost wholly with its own 
immediate needs. The corps artillery is 
counted upon for reenforcement fire at 
need but, like that of the field army, it 
is more largely occupied with counter 
missions. In 


battery and destruction 


those latter roles it must certainly be ex 
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pected to make inc reasing use of mis 
siles, particularly in nuclear warfare 
where their massive firepower justifies 
their cost and largely overcomes their 
present lack of precision. 

But in the purely reenforcement fire 
from the corps, as in the division’s own 
fire, it is interesting to learn, the au 


thorities referred to are united in favor- 


ing the gun tube. The extent of that 


favor is convincingly shown in the 
newly revised tables of organization 
and equipment for the pentomic divi 
sion, where—even in our so-called “mis- 
sile age”’—the new battle group will 
have a battalion of direct-support artil 
lery instead of a battery and where the 
division’s total of 155-mm. howitzers is 
being increased from twelve to thirty 


of these powerful weapons. 


HIS is one of the most notable alter 

ations in the original pattern for the 
pentomic division, and a most timely 
one, in that it has come while the Na 
tional Guard and Army Reserve divi 
sions are in the process of change-over 
from triangular to pentomic form, so 
that there will be no need in their cases 
for a double change of tables of organi 
zation and equipment. 

Unfortunately, the divisions probably 
will not get the hoped-for self-propelled 
guns in scheduled number, simply be 
not enough of them 


cause there are 


either in stock or on order. This aspect 


The 155-mm. howitzer M44 is a self-propelled weapon capable of 
supporting an infantry attack over rough terrain 


of the situation will be touched upon 
later. 

For its appropriate missions, today’s 
long-range missile with atomic war- 
head is economical, not because of its 
accuracy, in which it cannot compare 
with the gun, but because of its long 
reach and because it does not have to 
hit the target with any high degree of 
precision to achieve destruction. 

The division commander, as distin 
guished from the field-army com- 
mander, is not greatly interested in the 
very long reach, but he is very much 


hre. A 


somewhere 


concerned with precision of 


warhead which hits only 
near the enemy target and spreads its 
lethality for miles around is yust W hat 
the division commander can do with 
out, for the bulk of his fire must be so 
directed as not to endanger his own 
infantry’s advance elements. 

It is important for him, in antitank 
hre tor example, to be able to knock 
out an enemy tank which is hurting 
tank usually 


his own infantry. But the 


is too close to permit the obliterating 


] 


effect of a nuclear missile, which could 


tank 


has been hurting them. And yet a mis 


hurt the infantry more than the 


sile with a nonnuclear warhead can 
have very real trouble in hitting an 
enemy tank effectively at 2,000 yards, 
so small is the vulnerable spot of a tank 
and so narrow the angle of fire that can 


reach it. 


Army photo 


True, the new Lacrosse missile, with 


great 
promise of high precision, as does the 


its ocular guidance, has very 


SS-10 at close range, but it is necessary 
to remember that an enemy's smoke 
producing equipment can make trouble 
for ocular guidance. Electronic fire-con 
trol devices add complexities and high 


skilled 


and trained maintenance experts on the 


costs and call for retention of 


battleheld. 
On the 


pointed out that new antitank artillery 


other hand, it must be 
has been making some phenomenal 
records for accuracy and lethality. The 
advances in the relatively new technol 
ogies of missilery are still so swift that 
long-range predictions are risky, but 


such future advances as now can be 


discerned have not discouraged today’s 
tube—in its 


confidence that the gun 


newer forms, with its newer auxiliaries, 


and with its newer ammunition—will 


provide the main support reliance of 
the division for a long time to come, 
perhaps twenty years, 1n the horseback 
opinion of a respected expert in this 
area, 

revision of the 


ENCE the current 
ranization and equi] 


table s ot org 
When 


Army 


was being devised, the accepted judg 


ment for the pentomic division 


that basic combat element of the 


ment, based upon World War II exper 


} | 
ence and speculation about atomic war 


The 155-mm. howitzer M1 must be towed by a prime mover, but 
it gave valuable service in the Korean campaign 


Army photo 





Lighter than the standard model, 


T236 is designed for air transportability 


fare, was that, in the interest of field 


mobility as a prime consideration of the 
new age, the divisional artillery could 


be decreased somewhat and a larger 


degree of direct support of the infantry 
assigned to corps artillery. 

What emerged was the pentomic di 
vision’s own heavy firepower concen 


trated in a battalion of 105-mm. how 


itzers made up of five 6-gun batteries 


[Or 


direct support and, for general sup 


port, one battery of 8-inch 


4-gun 


howitzers, one 2 launcher battery ol 


Honest Johns, and two 6-gun batteries 


of 155-mm. howitzers. 


In the new pattern, as far as 


are concerned, the arrangement 


The self-propelled 155-mm. Long Tom gun 
photo ° 


also served well in Korea (Army 


the 8-inch 


howitzer 
Army photo 


ploys an identical number of weapons, 


with one signal exception—instead of 


twelve of the 155’s there will be no 


fewer than thirty. And, quite as im 


portant, instead of concentrating all di 


rect support tor the division within one 
battalion, there will be five battalions, 
one for each of the division’s five battle 


groups. 


Thereby much more firepower be 


comes immediately available not only 


to the division a whole but, notably, 


as 
to the battle group commander who in 


the new concept 1s at last 
high d 


the power to match the 
responsibility which is necessaril 


ing placed upon him by reason 


During World War II, Marines on 
for this towed 155-mm. Long Tom 


7" 


The standard 8-inch howitzer M55 is a full-tracked, self- 
propelled weapon with armored crew space 


Army photo 


wider dispersion of total forces both in 


width and depth. 


Each of these new artillery battalions 


which organically a of the 


are part 


battle group will have two batteries, 


ot 


one them composed of six 105’s, and 


the other of six 15S Ss. (The four 8-inch 
howitzers and the two 2-launcher Hon 
est Johns will remain in the divisional 


general-support unit as at present.) 


Of the five om posite battalions re 


, "Wd 
ferred to, thr will be towed by tractor 


self prope lled guns 


ha ec 


re only SP gt 


and two will 
ns, all 


. Plan 


It wishes 
battalions would bs self-propelled 


t makes it nex te 


poverty at present 


use tractors tor two 


Rendova Island had to dig an emplacement 
gun before it could be fired (Army photo 





An artillery gun crew fires the towed version of the 105- 
action 


mm. howitzer during the Korean 


It is easy to see that, by the new pat 
tern, arrived at fortunately before the 
Army’s tactical training program was 
too firmly committed to the overly thin 
direct support of the original plan, the 
new group of the pentomic division is 
acquiring a very substantial and effec 
tive strength. 

Quite as important, the group com 
mander gains at the outset that full 
control of the artillery he will need for 
his own support and hence, logically, 
for his own combat planning. Instead 
of a mere one-fifth share of thirty 105’s 
which 


155 san asset on 


difficult to 


and twelve 


he might find it 


make 


prompt collection in an emergency—he 


a 
~ 


ail 


(Army photo pletely tracked, 


now knows trom the beginning that he 


will have all six 105’s and all six 155’s, 
plus the customary general support of 
and the Honest 


the 8-inch howitzers 


Johns as formerly. 


TIYHE great power of the additional 


155's—thirty instead of twelve for 


is welcomed by held 


had 


about the pentomic division’s original 


the full division 
commanders who been uneasy 
method of acquiring high mobility at 
the expense of firepower. Speed of sup 
port can be almost as effective as vol 
ume, and there is no substitute for pre 
cision in emergency. 


Veterans of World War II fighting 


The new T195 test model of the 105 howitzer is a com- 
self-propelled 


weapon Army photo). 


in North Africa and Italy and Western 
Europe have never forgotten the difh 
culties they encountered from German 
88's, well emplaced and firing with 
such precision that they seemed to be 
more numerous than they actually were. 


Nor 


Eastern 


have German veterans of the 


forgotten the Rus 


Front ever 
sian artillery support; and it may now 


be noted that trusted reports indicate 


using 


that today’s Russian artillery is 


larger calibers than emploved by the 


Soviets 1n World WV ar II 

Our own Long Tom was and is 
fine gun, but we need more 155’s, of 
present or improved type, with se 


propulsion many more, as 1s shown by 


The M53 standard model of the 155-mm. self-propelled gun is mounted on an improved full-tracked carriage and 


has an armored cab and a cal. .50 machine gun. Top speed is 35 m.p.h. and cruising range 150 miles 


Army photo 








our projected use of three battalions of 
towed guns along with two of SP’s, 
simply because we are oversupplied 
with the one and undersupplied with 


the other. 


N historical diversion will explain a 
remote cause of this situation. We 
World War | 


real breakaway from horse-drawn 


came out of with our 
hrst 
guns (and in that break we were ahead 
nations) with a fair 


of several other 


start on 5- and 1o-ton Holt tractors as 


prime movers for our 155’s and our 
big 240-mm. howitzers, our largest field 
piece of that day. 

The postwar Caliber Board (better 
known as the Westervelt Board, from 
its distinguished chairman) surveyed 
balanced 


the Army’s requirements, 


them against the Nation’s industrial 
capabilities at that time and for the 
surely predictable future, rejected the 
horse-drawn type altogether, considered 
the possibility of mounting the gun on 
its own motorized carriage (the tank’s 
own design was an encourager) weighed 
the maintenance cost and complexity of 
separate gun and tractor against those of 
the gun-tractor in combination, and 
decided for tractor towing. 

The reason for the choice was per 
suasive, at the time. In the early 
twenties the automobile was far from 
its present efficiency and, because maxi 
mum reliability under all conditions is 
non ot Army 


a sine qua equipment, 


the board understandably felt that it 


had, at that time, to reject the self 
propelled concept in favor of tried and 
true towing. 

In the past, times without number, 
if a horse fell dead another horse was 
hooked up and the gun kept moving 


should fail, 


Likewise, if a tractor 
another could be hooked up to haul 
the gun into action; but if any of the 
many parts of a self-propelled gun 
should fail, the Board reasoned soundly 
enough, the weapon might be out of 
action indefinitely. In brief, the Army 
of that day was reluctant to hang a 
reliable and all-important gun on an 
unreliable carburetor. 

That reasoning was sound in the 
early ‘twenties. Unhappily, in the suc 
carburetor and 


ceeding decade the 


everything else about the automobile 


390 


(except perhaps the driver) gained 
enormously in reliability, and what had 
been true of motors in the ‘twenties 
was no longer true in the ‘thirties. But 
instead of adjusting concepts to the 
times, the Army continued under the 
spell of the Caliber Board’s propulsion 
doctrine for two decades. 

In 1941, experiences abroad resulted 
in an urgent but belated cry for SP 
guns, and Ordnance did a crash job of 
modifying the 75-mm. M2A3 by weld 
ing it onto a half-track vehicle and 
sending it to the Philippines. Then a 
more deliberate job was done with our 
new 1ro5-mm. howitzer and 40-mm., 
gun as well as the new “quad” ma 
chine gun. 

Then, in another shotgun marriage 
under ceaseless pressure from the field, 
the 40-mm. was mounted on a light 
tank chassis, and the “Priest” was con 
structed with yet another chassis plus 
the 105 howitzer. Then came a light 


tank 


liable 75-mm. pack howitzer; the latter 


chassis combined with our re 
had long been a success with a mule 


mount—and still would be, as Brig. 
Gen. John W. Cave remarks, except 
for the greater difficulty with lead time 


for mules. 


I ODAY the Army 1s completely sold 
] 


on the self-propelled gun, but it stil 
has a plethora of those World War II 
towed guns which do not wear out 
fast, and experience says we are going 
to use them up before we get new self 
propelled guns in quantity. 

The principal shortage s of selt pro 


pelled types are in the 105’s and 155s 


How would we get them? From indus 
try, of course; and here we discern a 
painfully standard ratio between pro 
duction readiness and purchase cost. 
Thus, if we keep a production line in 
stand-by we will need 14 years to get 
prime and secondary contractors into 
full swing and production at the de 
sired pace. 

Maintaining that stand-by state will 
cost, say, X dollars a year. But if we 
wish readiness to produce in one year, 
it will cost 2X dollars to maintain such 
a state. If we want readiness in six 
months, 4X dollars; in one month, 
perhaps 10X dollars. True readiness is 


expensive. 


Now our laid-away production base 


has been figured as worth several 


billions of dollars; we budget $32, 


000,000 a year that iS, less than one 


per cent—to keep it at what we politely 


call readiness. How “warm” is our mo 


bilization base, really? How soon will it 


produce? How much will production 


What is the life of the stuff? 


What is our time of greatest danger? 


cost? 


from mobilization 


YETTING away 

J frustrations and over to Ordnance 
research and development, we find two 
items of outstanding interest in this 
matter of self-propelled guns. One is 
the self propelled Trios (to replace the 
Ms2 for mounting the 105) and the 
other the T196 (to replace the SP M44 
for mounting the 155 howitzer ). 

Here are some of the measures of 
improvement: the new self-propelled 
155 will practically double the old 75 
mile cruising range; it will cut the old 
weight from 64,000 to 41,000 pounds, 
a matter ol significance Im air trans 
portability and in amphibious opera 
tions; it will reduce the old silhouette 
height from 122 to 110 inches, and 
ground pressure from 9.4 to 8.12 p.s.i. 

Besides an improved carriage, the 
cannon will have better range, greater 
precision, greater lethality, and greater 
speed of action. This adds up to a good 
deal of improvement. 

Are we getting these new self-pro 
pelled guns in quantity? No. We do 
not get them without money (perhaps 
and the Army is 


$90.000 per unit), 


faced with the usual choice of putting 


money into cannon or into equally 


needed other items in the long list 
which made up the $3 billion a year 


Maxwell D. 


urged as a 5-year need for a 


Taylor lately 


modern 


that Gen 
ized Army. 


It is significant that in divisional 


organization the missile has not yet 
taken over the role of the gun nor the 
atomic warhead that of the conven 
tional sheil. There still is no virtue in 
overkilling, no desire to expose our 
own men unnecessarily to our own fire, 
no justification, either economic or 
military, to use the expensive modern 
equivalent of three battalions of artil 
lery when one well-placed and eco 


nomical 135-mm. shell will do the job. 
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Broken-backed Wartare 


Wath the ever-present possthility of a sur prese nuclear attach upon 


the United States. industry) must be prepared to carry on its support 


of the armed forces 


MONG the protagonists of tota 


war there are those who claim 


that, in view ot the current 
threat of nuclear weapons, there must 
be some method of continuing to fight, 
even under the conditions ot almost nu 
clear destruction. That such a condition 
will occur and can exist in the event ot 
the unleashing of the horrors of a nu 
clear holocaust must be recognized and 
planned for by those in authority and 
responsible tor the continuity of a com 
bat effort for national survival. 

What one does in conventional wat 

that is, war waged with gunpowder 
agents ofr 


and nonatomi weapons, 


when conventional aircraft bombing 
has disrupted the economic and indus 
trial bases of the war effort—is fairly 
clear. 

Dispersal, the use of alternate or 


dummy locations for factories and in 
dustrial complexes, the shifting 
of industrial and military popu- 
lations, the literal “going under 


ground” are all antidotes for 


T a 
conventional bombardment well ‘= 
known to the practitioners of 

the art of war, and during World 


War Il 


formed to this general 


all the nations engaged con 
pattern of ce 


fense. 


However, with the advent of atom 


and nuclear weapons, the entire art 
conventional warfare has been upset by 


the nonmilitary scientist who has di 


veloped a weapon, the optimum use o 
| 


agoes 


which the military professional 
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not as yet understand. Terrible even in 
| i | 
contemplation, the hydrogen bomb, by 
its controlled tested effect, at least seems 
to have temporarily inhibited the prac 
tice of the art of conventional war. 


Now 


us, many 


that the Nuclear Age is upon 


military thinkers are of the 


opinion that conventional warfare has 


become almost archaic and nearly im 


possible of prosecution, except under 


the guise of “limited war.” Obviously 


the reason tor the inability of conven 


tional war to function on a grand scale 


today is the threat of atomization by 


nuclear weapons of military mass for 
mations and the industrial and 
population complexes which 
support the combat effort 


Today modern armies are 


faced with a multitude of 


com 


most 


plex problems. One of the 


pressing of these is the lack of any 


clear concept of the probable ground 


patterns of the tactical operations of 


units maneuvering under nuclear 


weapon attack. There are those “ex 


perts’ who predict future wars 


mav be of duration measured in days 


or even in hours and that the war will 


be over berfore any tvpe of conventiona 


1! 


national mobilization can be effecte« 


despite losses mm manpower and plant facilities 


In con ntrona Var, ground 


possession 18 a determining 


victory Vo bomb or missile 


dgeteat or 


an take and hold ground. Theretore, 


unless complete destruction and desola 
tion is accomplished upon an enemy 


area, men on the ground must take 


and hold it—regardless of how it was 


“softened.” It follows that if any hu 


man lite is left in the area, it will 


DoS 


t 


sess some nucleus of resistance to the 


appearance of hostile occupying ground 


forces by the utilization of “broken 


backed wartare”’ and si 


1 
lor repelling the enemy 


( NCE a nation finds itself in rubble 
with its armies destroyed, immo 
bilized, or dispersed and with cé 


munications damaged, some method ot 
air, naval, and ground combat will be 
struggle unless 


used to continue the 


there is total annihilation. Statistically it 


can be shown that even under the most 
severe nuclear bombardment, some hu 
man life will survive. Whether or not the 
survivors will have the ability to reor 


] 
ganize and offer broken-backed resist 


not be known unt 
gins. Preattack plat 
include detail 
this post 
attack broken-back 


National planning for yuld 

















will deprive the all-out war effort of its 
most vital life blood—the tools and 
weapons produced by industry for war 
making—must be assumed as certain. 
Stockpiles of the critical essentials for 
war may be destroyed by the action of 
a single bomb strategically placed by an 
informed and alert enemy. 

Among the facets to be considered 
when planning for the operation of 
broken-backed war are the following: 
land mass area available and suitable 
for dispersal of industrial, military, and 
civilian population center complexes; 
resources on hand and available for 
war making; the type of retaliation con 
templated; the weapons required; the 
calculated risks involved in depletion 
of resources on an all-out massive re- 
taliation basis; the stockpile of raw ma 
terials and accessible sources; the public 
morale and temper; the condition of 
the enemy; and the possibility of in 
ternal domestic difficulties, which would 
hamper our conduct of broken-backed 
wartare. 

Such warfare must be contemplated 
as a concomitant of war waged with 
nuclear weapons. As indicated pre 
viously, the industrial and population 
complexes are directiy involved. The 
role of the military in broken-backed 
warfare is not quite so well defined. 

What use should be planned for the 
military manpower not able to be de- 
ployed for combat in repelling a 
domestic landing of an enemy 
from air or submarine fleets? 
Should not some thought be 
given to the idea of including a 
modicum of industrial training 
for the huge masses of men who may 
never fire a shot in anger? 

Why not an additional skill in some 
form of wartime factory work for every 
member of the armed forces—to be 
utilized only when he cannot be em- 
ployed in combat and the industrial 
labor force has been severely crippled 
by a nuclear holocaust? Cannot alter- 
nate plans be devised, which will pro 
vide for the replacement of labor-force 
casualties by military personnel who 
are not required for the military mis 
sion? 

These ideas are not unthinkable to 


the professional industrialist whose re- 


sponsibilities in war always have been 
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“In conventional war, ground 
and its possession is a deter- 
mining factor in defeat or vic- 
tory. No bomb or missile can 
take and hold ground. 

Men on the ground must take 
and hold it—regardless of how 
it was ‘softened.’” 





to provide the soldier with the so-called 
sinews. Without the sinews, war of any 
description—conventional or nuclear— 
will not be waged for long. 

In a nuclear war, speed will be the 
principal factor involved in the delivery 
of a decisive series of hostile blows 
against the target nation. The factor of 
speed may negate the entire principle 
man 


of conventional mobilization of 


power and resources after the first 


enemy missile or hydrogen bomb has 
announced the attack. 

It therefore becomes increasingly 
clear that all planning for 


backed war must be prepared in ad- 


broken 


vance in final form and available for 
execution without delay in the event 
of such hostile attack. There will be no 
time for political quibbling or indeci- 
sive speculation as to what to do! 

If the Nation is to survive—if the 
Americans as a people are to continue 
to exist—the plan for broken-backed 
war must operate much as a preplanned 
national standing operating procedure 

—without approval or leader 
ship on the part of any legisla 
tive or executive body whatso- 
ever. Unless we can be prepared 
to function in such a manner, 
we already have had two strikes 
called on our chances of survival. 

Every industry in the Nation must 
have a plan for automatic operation 
under the requirements and conditions 
of broken-backed warfare. Obviously 
there are several considerations to be 
considered carefully by government and 
industry with relationship to the con- 
duct of industrial operations under the 
conditions mentioned. 

Of overriding importance is the mat- 
ter of geographical location of the in- 
dustrial complexes concerned. What is 
the vulnerability of their location in 
consonance with the assumed and pre 
dicted critical target areas within the 


United States? Are they located near 


cities or away from the normal abodes 
of the labor force? Are they cited on 
plains or in mountains or valleys where 
the conformation of the ground will 
give some protection from blast effect 
or, in the case of a location on plains, 
increase the chances of total destruction 
of factory, personnel, and raw and fin- 
ished materials in the area? 

To the average citizen, industrial se- 


sabo- 


curity means protection against 


tage and the infiltration of foreign 
agents and spies. In view of the present 
condition of flux in the field of inter 
national relations, cannot industrial se 
curity be given a more inclusive defi- 
This 


broken-backed warfare soon will become 


nition or meaning? factor of 
increasingly important and critical as 
the phase is developed into a mean 
ingful application of national policy. 
The 


how this will be done—only how, in 


writer does not presume to tell 


his opinion, it should be done—it 


America is to survive a nuclear conflict. 


HE role of the military in so-called 

broken-backed warfare has not been 
well defined. Assuming that in a nu 
clear war the land armies will be in 
hibited from action by the nature of the 
conflict, there must be some method 
prescribed or planned by which the 
tremendous manpower involved in the 
service can be used and used effectively 
against the nuclear-weapon wielders. 
With 
tinent in event of nuclear war what will 


Will 


they be kept mobilized to do nothing, 


no invasion threat to this con 


be the mission of land armies? 


awaiting death in mass formation? Will 
they be dispersed and immobilized? Or 
will they be used to supplement and to 
replace those of the industrial labor 
force who have become casualties? 

In the solution to the use of large 
military formations, much of the think- 
ing of necessity must be projected into 
the realm of the unreal. However, the 
urgent need is for something to indi- 
cate the pattern of the future; anything 
less leaves our defensive and offensive 
postures in awkward, embarrassing, and 
We know 


how we are to fight when two-thirds of 


must 


untenable positions. 


our industry and labor force are de- 
stroyed and our armies are rendered 


impotent for lack of objectives. 
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To do this will take the best pre- 
attack planning of the responsible de- 
fense agencies concerned. When the 
attack arrives there will be no time for 
dispersal, retraining, and reassignment 
of military and industrial personnel in 
order that the war be carried on and 
that we retain the capacity to inflict 
mortal injury on our enemy—even 
though the Nation’s industrial back is 
broken. 

Within the structure of national de 
fense there must be provision for plan- 
ning for broken-backed war on the 
highest General Staff or Joint Chiefs 
of Staff levels. The connection between 
the industrial preparedness and educa- 
tional programs fostered by the Defense 
Department and discussed and studied 
within the curricula of the Industrial 
College of the Armed Forces must be 
defined and established on a working 
level and not on a theoretical basis. 
This planning should be developed to 
the point where national and local in- 
dustries participate. 

The ability of the United States to 
survive an atomizing nuclear war must 
be predicated upon several criteria. 
These are: (1) The ability to retaliate 


in kind broken-backed 


warfare; (2) the ability to continue to 


and to wage 
manufacture the tools of war; (3) the 
ability of the population to survive nu 
clear bombardment; (4) the requisite 
intelligence service te sense the coming 
of the attack in order that evacuation 
of people and critical materials may be 
effected strategically; and (5) the ability 
to keep in operation certain retaliatory 
away from continental 


bases located 


United States. 


tds YUSLY, much reeducation will 


be required to indoctrinate Amer- 


ica in the matter of such warfare. Labor, 
including unions and management; gov 
ernment, including politicians, generals, 
and admirals; and the general public 
will be under the necessity of reorienta 
tion for the task of survival in the war 
of the future. Much more is involved 
in that struggle than victory. What is 
involved is survival with victory! 
There is some question about the 
possibility of victory in a nuclear war. 
Some people hold to the thesis that 


there can be no victory for either side 


November-December 1959 


once atomization begins. This theory is 
not one of realistic thinking. He who 
is able to continue regardless of in- 
juries, to fre his weapons in any type 
of war, nuclear or conventional, is still 
in the fight and always has the chance 
that the enemy will give in or decide to 
negotuate. 

In order to carry out the mechanics 
of broken-backed war, industry must 
be ready to accomplish the following 
steps without delay: (1) Physical dis 

persal of manufactur- 
ing complexes (alter- 
nate locations); (2) 
dispersal and protec- 
tion of raw materials in 
consonance with the 
above; (3) creation of an industrial 
reserve of skilled manpower as replace- 
ments for nuclear warfare mass casual- 
tres; (4) construction of underground 
factories which must be dug in and 
protected against destruction of known 
bomb potentials; (5) coordination of 
the above “basic steps” with the armed 
forces and the national concept of de- 
fense; and (6) establishment of the post 
of Secretary of Emergency Industry who 
would be responsible for the establish- 
ment and implementation of the plan. 

The concept of the military posture, 
presently held by the average Ameri- 
can, of necessity will have to be altered 
and abridged somewhat by this type of 
planning. In this connection it should 
be noted that the desideratum here is 
survival. With this concept in mind, 
short cuts, and policy improvisation 
will be the order. To put it bluntly, 
many, yes, most Americans, will have 
to forget sume of the things they ac- 
cept as commonplace and substitute the 
unusual if they are to survive. 

The United 


States must be prepared for the follow 


military forces of the 


ing—in the event of nuclear warfare: 


(1) Combat—ground, air (missile), sea; 





“Once a nation finds itself in 
rubble with armies destroyed, 
immobilized, or dispersed, and 
with communications dam 
aged, some method of air, 
naval, and ground combat will 
be used to continue the strug 
gle unless there is total annihi 
lation.” 





(2) Industrial back-up (labor force) for 
those military personnel not able to be 


used due to the tactical situation in 


combat. These personnel will be skilled 
military who 


or semiskilled persons 


can be readily “converted” in accord 
with preattack plans to carry on the 


broken-backed 


war; (3) Operation of strategic plants 


industrial base for the 


and industries in event that civilian 


managerial staffs are not functional 
due to casualties; and (4) Wage guer 
rilla warfare against an invader of the 
United States in event dispersal and 
nuclear destruction (including fallout 
lethality) makes concerted military ef 


This 


matic on a standing-operating-procedure 


fort impossible. must be auto 
basis individually and collectively. 

The Soviet attitude toward broken 
backed warfare may be ascertained from 
the amount of preparation which has 
gone into Soviet civil defense program 
ming, especially for the industrial areas 
and the individual factory complexes. 
Without doubt, the Russians are as well 
prepared for the receipt of an initial 
devastating nuclear blow as is any other 


nation at this time. 


R! GARDLESS of the Soviet attitude 

and the apparent conversion of the 
top-level strategists to a more realistic 
approach to the problem of “who fires 
first,” the terrible and real dangers of 
preemptive (surprise) attack are always 
with us. What this means to the United 
States and its defense posture are too ob 
vious to be passed over lightly. Briefly, it 
dictates our policy of defense, which we 
as Americans must live with and carry 
out if we are to survive, 

The Soviet addiction to the theory of 
the preemptive attack idea is a raw, 
bare fact of international life, hence we 
always must be prepared to receive it 
since we have publicly stated that the 
United States will not fire the first shot. 

This policy has been enunciated by 
responsible American officials so often 
that it is almost taken for granted by 
Whether we 


exist un 


the average American. 


can afford to continue to 
der the uncertainty of such a policy will 
be proved only by the passage of time 
and the future course of history. 

The fate of large masses of ground 
event of attack 


troops in preemptive 
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will deprive the all-out war effort of its 


most vital lite blood—the tools and 
weapons produced by industry for war 
making—must be assumed as certain. 
Stockpiles of the critical essentials for 
war may be destroyed by the action of 
a single bomb strategically placed by an 
intormed and alert enemy. 

Among the facets to be considered 
when planning for the operation of 
broken-backed war are the following: 
land mass area available and suitable 
for dispersal of industrial, military, and 
civilian population center complexes; 
resources on hand and available for 
war making; the type of retaliation con 
templated; the weapons required; the 
calculated risks involved in depletion 
of resources on an all-out massive re- 
taliation basis; the stockpile of raw ma 
terials and accessible sources; the public 
morale and temper; the condition of 
the enemy; and the possibility of in 
ternal domestic difficulties, which would 
hamper our conduct of broken-backed 
wartare. 

Such warfare must be contemplated 
as a concomitant of war waged with 
nuclear As indicated pre 


viously, the industrial and population 


weapons, 


complexes are directly involved. The 
role of the military in broken-backed 
warfare is not quite so well defined. 
What use should be planned for the 
military manpower not able to be de 
ployed for combat in repelling a 
domestic landing of an enemy _g 
from air or submarine fleets? 
Should not some thought be 
given to the idea of including a 
modicum of industrial training 
for the huge masses of men who may 
never fire a shot in anger? 
Why not an additional skill in some 
form of wartime factory work for every 
forces—to be 


of the armed 


when he cannot be em- 


member 
utilized only 
ployed in combat and the industrial 
labor force has been severely crippled 
by a nuclear holocaust? Cannot alter- 
nate plans be devised, which will pro- 
vide for the replacement of labor-force 
casualties by military personnel who 
are not required for the military mis 
sion? 

These ideas are not unthinkable to 


the professional industrialist whose re 


sponsibilities in war always have been 
I ) 
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“In conventional war, ground 
and its possession is a deter- 
mining factor in defeat or vic- 
tory. No bomb or missile can 
take and hold ground... . 
Men on the ground must take 
and hold it—regardless of how 
it was ‘softened.’” 





to provide the soldier with the so-called 
sinews. Without the sinews, war of any 
description—conventional or nuclear— 
will not be waged for long. 

In a nuclear war, speed will be the 
principal factor involved in the delivery 
of a decisive series of hostile blows 
against the target nation. The factor of 
speed may negate the entire principle 
man 


of conventional mobilization ot 


power and resources after the first 
enemy missile or hydrogen bomb has 
announced the attack. 

increasingly 


It therefore becomes 


clear that all planning for broken 
backed war must be prepared in ad- 
vance in final form and available for 
execution without delay in the event 
of such hostile attack. There will be no 
time for political quibbling or indeci- 
sive speculation as to what to do! 


Nation 


Americans as a people are to continue 


If the is to survive—if the 
to exist—the plan for broken-backed 
war must operate much as a preplanned 
national standing operating procedure 
—without approval or leader 
ee ship on the part of any legisla 
tive or executive body whatso- 
ever. Unless we can be prepared 
to function in such a manner, 
we already have had two strikes 
called on our chances of survival. 

Every industry in the Nation must 
have a plan for automatic operation 
under the requirements and conditions 
of broken-backed warfare. Obviously 
there are several considerations to be 
considered carefully by government and 
industry with relationship to the con- 
duct of industrial operations under the 
conditions mentioned. 

Of overriding importance is the mat- 
ter of geographical location of the in- 
dustrial complexes concerned. What is 
the vulnerability of their location in 
consonance with the assumed and pre 
dicted critical target areas within the 


United States? Are they located pear 


cities or away from the normal abodes 
of the labor force? Are they cited on 
plains or in mountains or valleys where 
the conformation of the ground will 
give some protection from blast effect 
or, in the case of a location on plains, 
increase the chances of total destruction 
of factory, personnel, and raw and fin 
ished materials in the area? 

To the average citizen, industrial se- 
sabo- 


curity means protection against 


tage and the infiltration of foreign 
agents and spies. In view of the present 
condition of flux in the field of inter 
national relations, cannot industrial se 
a more inclusive deh 
This 


broken-backed warfare soon will become 


curity be given 


nition or factor ol 


meaning? 
increasingly important and critical as 
the phase is developed into a mean- 
ingful application of national policy. 
The to tell 


how 


writer does not presume 


this will be done—only how, in 


his opinion, it should be done—it 


America is to survive a nuclear conflict. 


HE role of the military in so-called 

broken-backed warfare has not been 
well defined. Assuming that in a nu 
clear war the land armies will be in 
hibited from action by the nature of the 
conflict, there must be some method 
prescribed or planned by which the 
tremendous manpower involved in the 
service can be used and used effectively 
against the nuclear-weapon wielders. 
With no 
tinent in event of nuclear war what will 


Will 


they be kept mobilized to do nothing, 


invasion threat to this con 


be the mission of land armies? 
awaiting death in mass formation? Will 
they be dispersed and immobilized? Or 
will they be used to supplement and to 
replace those of the industrial labor 
force who have become casualties? 

In the solution to the use of large 
military formations, much of the think- 
ing of necessity must be projected into 
the realm of the unreal. However, the 
urgent need is for something to indi- 
cate the pattern of the future; anything 
less leaves our defensive and offensive 
postures in awkward, embarrassing, and 
untenable positions. We must know 
how we are to fight when two-thirds of 
our industry and labor force are de- 
stroyed and our armies are rendered 


impotent for lack of objectives. 
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To do this will take the best pre- 
attack planning of the responsible de- 
fense agencies concerned. When the 
attack arrives there will be no time for 
dispersal, retraining, and reassignment 
of military and industrial personnel in 
order that the war be carried on and 
that we retain the capacity to inflict 
mortal injury on our enemy—even 
though the Nation’s industrial back is 
broken. 

Within the structure of national de 
fense there must be provision for plan- 


broken-backed 


highest General Staff or Joint Chiefs 


ning for war on the 
of Staff levels. The connection between 
the industrial preparedness and educa- 
tional programs fostered by the Defense 
Department and discussed and studied 
within the curricula of the Industrial 
College of the Armed Forces must be 
defined and established on a working 
level and not on a theoretical basis. 
This planning should be developed to 
the point where national and local in- 
dustries participate. 


The ability of the United 


States to 
survive an atomizing nuclear war must 
be predicated upon several criteria. 
These are: (1) The ability to retaliate 


in kind broken-backed 


warfare: (2) the ability to continue to 


and to wage 
manufacture the tools of war; (3) the 
ability of the population to survive nu 
clear bombardment; (4) the requisite 
intelligence service to sense the coming 
of the attack in order that evacuation 
of people and critical materials may be 
effected strategically; and (5) the ability 
to keep in operation certain retaliatory 
located from continental 


bases away 


United States. 


BVIOUSLY, much reeducation will 
be required to indoctrinate Amer- 
ica in the matter of such warfare. Labor, 
including unions and management; gov 
ernment, including politicians, generals, 
and admirals; and the general public 
will be under the necessity of reorienta 
tion for the task of survival in the war 
of the future. Much more is involved 
in that struggle than victory. What is 
involved is survival with victory! 
There is some question about the 
possibility of victory in a nuclear war. 
Some people hold to the thesis that 


there can be no victory for either side 
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once atomization begins. This theory is 
not one of realistic thinking. He who 
is able to continue regardless of in- 
juries, to fire his weapons in any type 
of war, nuclear or conventional, is still 
in the fight and always has the chance 
that the enemy will give in or decide to 
negotiate. 

In order to carry out the mechanics 
of broken-backed war, industry must 
be ready to accomplish the following 
steps without delay: (1) Physical dis 

persal of manufactur 
ing complexes (alter- 
nate locations); (2) 
dispersal and protec- 
tion of raw materials in 
consonance with the 
above; (3) creation of an industrial 
reserve of skilled manpower as replace- 
ments for nuclear warfare mass casual- 
ties; (4) construction of underground 
factories which must be dug in and 
protected against destruction of known 
bomb potentials; (5) coordination of 
the above “basic steps” with the armed 
forces and the national concept of de- 
fense; and (6) establishment of the post 
of Secretary of Emergency Industry who 
would be responsible for the establish- 
ment and implementation of the plan. 

The concept of the military posture, 
presently held by the average Ameri- 
can, of necessity will have to be altered 
and abridged somewhat by this type of 
planning. In this connection it should 
be noted that the desideratum here is 
survival. With this concept in mind, 
short cuts, and policy improvisation 
will be the order. To put it bluntly, 
many, yes, most Americans, will have 
to forget some of the things they ac- 
cept as commonplace and substitute the 
unusual if they are to survive. 

The 


States must be prepared for the follow 


military forces of the United 
ing—1n the event of nuclear wartare: 


(1) Combat—ground, air (missile), sea; 





“Once a nation finds itself in 
rubble with armies destroyed, 
immobilized, or dispersed, and 
with communications dam 
method of air, 


; 


aged, some 
naval, and ground combat will 
be used to continue the strug 
gle unless there is total annihi 
lation.” 





(2) Industrial back-up (labor force) for 
those military personnel not able to be 


used due to the tactical situation in 


combat. These personnel will be skilled 
military who 


or semiskilled persons 


can be readily “converted” in accord 
with preattack plans to carry on the 


broken-backed 


war; (3) Operation of strategic plants 


industrial base for the 


and industries in event that civilian 


managerial staffs are not functional 
due to casualties; and (4) Wage guer 
rilla warfare against an invader of the 
United States in event dispersal and 
nuclear destruction (including fallout 
lethality) makes concerted military ef 


This 


matic on a standing-operating-procedure 


fort impossible. must be auto 
basis individually and collectively. 

The Soviet attitude toward broken 
backed warfare may be ascertained from 
the amount of preparation which has 
gone into Soviet civil-defense program 
ming, especially for the industrial areas 
and the individual factory complexes. 
Without doubt, the Russians are as well 
prepared for the receipt of an initial 
devastating nuclear blow as is any other 


nation at this time. 


R' GARDLESS of the Soviet attitude 


and the apparent conversion of the 
top-level Strategists to a more realistic 
approach to the problem of “who fires 
first,” the terrible and real dangers of 
preemptive (surprise) attack are always 
with us. What this means to the United 
States and its defense posture are too ob 
vious to be passed over lightly. Briefly, it 
dictates our policy of defense, which we 
as Americans must live with and carry 
out if We are to survive, 

The Soviet addiction to the theory of 
the preemptive attack idea is a raw, 
bare fact of international life, hence we 
always must be prepared to receive it 
since we have publicly stated that the 
United States will not fire the first shot. 

This policy has been enunciated by 
responsible American officials so often 
that it is almost taken for granted by 
Whether we 


exist un 


the average American. 


can aflord to continue to 
der the uncertainty of such a policy will 
be proved only by the passage of time 
and the future course of history. 

The fate of large masses of ground 
event of attack 


troops in reemptive 
I I 
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would be uncertain from the points ot 
view of possible employment and, most 
importantly, of survival. What plans 
are to be formulated for them, as 
ground combat troops, will of course, 
depend upon the military situation at 
the moment. If the nuclear exchange 
becomes a matter of who survives with 
enough physical strength to place the 
final ICBM on the launching pad—it 
would appear that ground troops may 
be wasted as potential against the at 
tack of the enemy. If there is no inten- 
tion or possibility of moving troops into 
nuclear combat and conventional occu 
pation situations, a more profitable use 


must be made of them. 


F 


emptive attack, the war becomes a 


as indicated in the event of the pre 


matter of continuation of the nuclear 
missile exchange, then surely the num 
ber of individuals involved will, of 
necessity, be minimal. As far as a nation 
in this area of the world is concerned, 
because of the ground, sea, and air 
distances, a combination of nuclear ex- 
changes and conventional ground-force 
seem feasible unless 


action does not 


command ot the air by conventional 
attack aircraft would permit unlimited 
airborne troop transportation, 

The objectives for such operations 
must be definite and clear. They must 
be attainable strategically and tenable 
tactically. That expeditionary forces 
would be required to occupy contami 
nated areas (or would want to) is 
highly questionable. It appears that this 
frustrating situation would be applicable 
to both sides in a nuclear war. 

With the threat of preemptive attack 
by the Soviets hanging like the sword 
of Damocles over the heads of the 
Western nations, it behooves the leaders 
of the free world to be more than ade- 
quate ly prepare d tow age broken bac ked 
warfare. Indeed, it is the sincere con 
viction of the writer that this kind of 
warfare may be the only kind that will 
be waged by anyone in the event of a 
nuclear conflict 

How this is to be done may be some 
what sensed by a careful study of the 
modus operandi of Soviet civil defense 

at least some of the information avail 
able may give some usable clues. What 


the enemy camp expects from us and 
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“In order to carry out the 
mechanics of broken-backed 
war, industry must be ready 
to accomplish the following 
steps without delay: (1) Phys 
ical dispersal of manufactu) 
ing complexes (alternate loca 
tions); (2) dispersal and 
protection of raw materials in 
with the above, 
(2) creation of an industrial 
reserve of skilled manpowe 
as replacements for nuclear 
warfare mass casualties; (4) 
construction of underground 
factories which must be dug 
in and protected against de 
struction of known bomb po 
tentials; (5) coordination of 
the above ‘basic steps’ with 
the armed forces and the na 
tional concept of defense; and 
(6) establishment of the post 
of Secretary of Emergency In 
dustry who would be respon 
sible for the establishment and 
implementation of the plan. 
“The concept of the military 
posture, presently held by the 
average American, of necessity 
will have to be altered and 
abridged somewhat by this 
type of planning.” 


consonance 





what we are “prepared” to receive from 
it may be an equation worthy of study 
and solution in order to forecast the 
future of the two titans and the rest 
of the world generally. 
Preattack dispersal of industry and 
population is one sound solution to this 
most complex and be 
4 wildering problem. At 
least, dispersal will 
provide the protective 
ground space with ade 
quate industrial “ma 
neuver” and “living” room. But dis 
persal must be accompanied by the 
provision of underground installations 
of factories and living quarters for the 
labor force as integral parts of any plan 
ning for industrial survival of the 
United States in a preemptive attack. 
In the United States, civil defense is, 
of course, voluntary. There is no com 
pulsion for participation of the general 
public in civil-defense training as in the 
Soviet Union. The present program of 
civil defense in the United States pro 
vides for survival on a national scale. 


This planning is based primarily upon 


evacuation minimum 


(assuming da 
warning time of two hours), and there 
is considerable attention paid to the 
“saving” of as much industrial equip 
ment and transportation as possible. 
Industrywise, civil defense does have 
a program, but there is much to be 


desired if it is to be effective under 


attack conditions. The apathy of the 


general public has crept into the indus 


trial ranks, and it is the writer’s opin 
ion that civil defense is given consider 
able lip service by those in authority 
This condition must not be allowed to 
continue. If it does, the Nation will not 
be able to begin broken-backed wartare, 
let alone survive! Some compulsory tea 
tures must be enacted by legislation 
at once if certain critical and essential 
industries are to be able to function in 
event of war. The issue is clear—the 
citizens of America must forget politics 
and do something about survival nou / 
study of the civil 


From a hurried 


defense Soviets, both 


program of the 
for the civil population and industry, it 
can be seen that the U.S.S.R. is prepar 


ing (and is now prepared) to wage 


broken-backed 


paredness they have signaled their in 


wartare. By their pre 
tention in the event of nuclear wartare 
Can we, the guardians of the bastion of 
freedom for all men, do less and sur 
vive and win? 

While the aerial bombing of World 
War II will seem somewhat remote and 
prosaic compared with the claims ot 
destruction predicted for the 20-mega 
ton monsters of future nuclear conflict, 
the bomb destruction rained down from 
the skies upon Germany during World 
War II did 


broken bac ked warfare. 


require the operation of 


Planning for such wartare should be 
an activity of first priority in every es 
tablishment of the armed forces of the 
United States and of all American in 
dustry. The coordination of planning 
between industry and the armed forces 
planning specialists must be developed, 
maintained, and accomplished with only 
one thought in mind—to have the an 
swer to the Soviet threat of preemptive 
attack ready when and if it comes 
Nothing less will do for America if 
she and her ideals of the freedom of 
man are not to perish from the earth in 


the awful heat of nuclear combat. 
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Maj. Alfred Mordecai 


The first Ordnance officer to apply scientific methods to armament 


HI 
the close ot 
War 


progress in military technology. 


50-year period ending with 


American Civil 


the 
vas one of unprecedented 
In the 
half century between the Battle of New 
Orleans and the surrender at Appomat 
tox, the effect of the Industrial Revo 
lution on the tools of war was so great 
as to constitute a technological revolu 
tion in military arms and equipment. 
This technological revolution intro 
duced scirentinc research and develop 
ment to the military art. It provided 
more exact methods of testing materials 
by instituting careful investigation, con 
trolled experiments, and applied labora 
It made sciences of metal 


tory prool 


lurgy and ballistics, instead of the edu- 


had 


production 


cated guessing games they once 


been. It revolutionized 
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methods and laid the groundwork for 


a modern arms industry. 


These advances, in turn, opened the 


wav for the development ot modern 


arms: a practical breech-loading repeat 


achi 


’ , 
loading 


ing rifle: a rapid-fire n ne gun: 


heavier, rifled, breech artillery: 


better and more efhcient ammunition; 


and greater uniformity and durability 


in weapons and equipment than had 


ever before been thought possibl« 


WwW ho 


nilitary weapon 


torm ot the 


well known 


colleagues It was, how 


importance, for those ‘ 


provided guidance and 
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tary research and in the practical ap 
plication of science to war. Like his 
fellow officers, he was the product of an 
antimilitaristic national tradition and 
was educated more thoroughly in tech 
nical than in military skills. 

The United States Military Academy, 
where he was trained, was a scientific 
institution rather than a school for war, 
and it was small wonder that the men 
it graduated were more technologists 
than soldiers. Engineers, ordnance ex 
perts, even artillerists wore the Army 
uniform but were, in fact, closer to 
their civilian counterparts than to some 
of their military colleagues. 


Each 


held; few 


was a specialist in his own 


were experts in the broad 
military art of war. Yet their contribu- 
tions to the Army were greater and 
more lasting than any others in this 


period of American history. 


\ AJOR Mordecai was typical of the 
. soldier-technologists with whom 
he served and with whom he shares his 
anonymity. A biographical study of the 
man as soldier and scientist, of his back 
ground, attitudes, and problems, and 
an investigation of his contributions to 
the development of the United States 
Army provides a key to the type of 
ofhcer who helped to make the techno 
logical revolution and to apply the 


] 


great advances Ol the age to the tools 


of war. 
Mordecai’s military career, from his 
n 1819 to his 


1561, 


entrance into West Point 


resignation from the Army in 
spanned almost the entire period of the 
technological revolution. As an engi 
neer first, but more importantly as an 
ofhicer, he actively 


Ordnance partic! 


pated in the major developments in 

American military technology that took 
during this era. 

broad and 


His contributions were 


numerous, but they all lay within the 
great and enduring achievement of the 
technological revolution: the applica- 
tion of science to war, and, by means 


of the scientific method, the develop 
ment and systematization of new weap 
ons, ammunition, and equipment, or 
the improvement of old, through years 
of careful investigation, observation, ex- 
perimentation, and testing. 


“My ability,” he wrote at the close of 
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‘The soldier-technologist was 
a scienust before he was a sol- 
dier. He technically 
mechanically skilled, 
and scientifically oriented... . 
He was not unaware of his re 
sponsibilities as a soldier, and 


wads 


trained, 


he rose to them when neces 
sary. But he was first of all a 
technologist who happened to 
be a soldier, rather than a 
military man with a knowl 


edge oj science. 





his military career, “consists in a knowl 
edge and love of order and system, and 
in the habit of patient labor in perfect 
ing and arranging details; and my use 
Army 


fulness in the arises 


long-continued application of 
qualities to the specialties of my habit 
ual business.” 

Within 
Mordecai 


many 


this general consideration, 


made his contribution in 
areas: in the systematization of 
American artillery and small arms, in 
endless experiments and tests of weap 
ons and ammunition, in the adaptation 
of European advances to American 
military technology, in increasing the 
Army’s knowledge of ballistics and 
metallurgy, and in countless other in 
valuable ways. 

His contributions, as one of his 
wrote later, 


younger contemporaries 


“came not in the shape of a few large 
nuggets but in a steady stream of gold 
dust sustained for many years and far 
outweighing the nuggets in the end.” 
His work was valued for its accuracy, 


“mgr its precise a 
ee 7 


ee atic nature, and its im 


nd system 


& mediate applicability. 
3orn in North Caro 


lina in 1804, the son of 
a merchant and edu 
cator, he was graduated from the Mili 
tary Academy at the top of his class in 
1823. For nine years after his commis 
sioning, he served his country as an En- 
gineer officer. He taught at West Point, 
helped supervise and inspect the con 
struction of fortifications along the At 
lantic Coast, assisted in a canal survey, 
and served as Assistant to the Chief of 
Engineers. 

In 1832 an Army reorganization 
opened several positions within the 


Ordnance Department. Competition for 


from the 


these 


these posts was strong, and all save 
one went to artillery officers. Mordecai, 
an Engineer, who had not sought an 
Ordnance position, was chosen for the 
remaining post at the recommendation 
of the Chief of Engineers. His transter 
and commission as a captain in Ord- 
nance anticipated by many years the 
date when he would have reached that 
rank as an engineer. 
During the twenty-nine years that 
Mordecai served as an Ordnance officer, 
he rose to the rank of major, held many 
important positions and commands, and 
was sent on several consequential mis 


Frankford, 


Washington, and Watervliet Arsenals, 


sions. He commanded the 


holding the post in the Nation’s capital 
for more than a decade, including the 
Mexican War period when the arsenal 
was a vital ordnance supply peint. He 
of War 


and to the Chief of Ordnance. He pub 


was assistant to the Secretary 


lished a handy and useful Digest of 


Military Laws (1832), served on the 


board of visitors at West Point, helped 


to revise the Army Regulations, and 


was sent to Mexico to investigate a 


fraudulent claim out of the 


Mexican War. 


H° made his greatest contributions as 
f the Ordnance Board 


a member ot d 


growing 


which passed on or developed all new 


weapons, ammunition, and ordnance 


equipment for the Army. An original 
member of the Board, and serving on 
it for more than twenty years, he was 
an important participant in its proceed 
ings. 

The Board 


initially to standardize and systematize 


Ordnance was formed 


Army ordnance equipment. It de 
veloped a much broader role, however, 
through its assumption of the necessary 
functions of supervising and directing 
the test, evaluation, and design of this 
equipment. 

It thus became probably the most 
important single factor in the growth 
of military research and development 
in the United States prior to the Civil 
War. Above all, it was responsible for 
the introduction of the scientific method 
to American military technology, and 
Mordecai, in the forefront of research 
this 


and experimentation, shared 


achievement. 
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work of the Ordnance Board 


The 
was devoted as much to systematization 


and standardization as it was to re 
search and development. Mordecai and 
his colleagues formulated the first com 
plete system of artillery for the United 


States Army. and his role in the col 


lection, evaluation, and meaningful or 
ganization of the vast mass of data 
studied in order to devise this system 
was an outstanding one. 


It was he, moreover, who was as 


signed the important task of coordinat 
ing these efforts of the Board, writing 
the group’s report, and drawing the 
His work was published 


United 


plates tor it. 


in 1849 as “Artillery for the 


States Land Service 
did most ol the 


Manual 
States 


In the sam ay, he 


work on the farst Ordnance 


ever published by the United 


Army 841) and 


sible for 


ilone was respon 
(1550) 


second edition 
he Ipec 


He 
j 


to draw up several editions of the Ord 


the 


that important volume also 


» ' 
nance Regulations 


As a part of this general work, Mor 


j 
a 


decai and sent 


few colleagues were 


abroad 1840 to study European 


methods weapons production, and 


dis 


War 


I uropean arms 


" 
years later, he was 


patched to observe the Crimean 


ind further to study 


systems and military establishments 


HE reports that he and his colleagues 


] 


compiled on were ol 


these trips 


great value to the de velopment ol 
American military technology. His ob 
servations on his (Crimean mission were 
published by the Government as “Mili 
tary Commission to Europe in 1855 


Major Alfred 


(1860; second edition, 1861). 


and 1856: Report of 
Mordecai” 

Complementary to Mordecai’s work 
on the Ordnance Board were his ex- 
periments with artillery and gunpow 
der, the results of the most important 
of which were published in 1845 as 
“Report of Experiments on Gunpow- 
der,” with a sequel in 1849. These were 
of particular value to the Ordnance De 
partment and were distributed through- 
out the Army and to private powder 
manutacturers, scientince societies, and 
educational institutions, and were stud 


West 


and 


ied at Point. Translated into 


French German, they were well 
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and it was by this 


Mordex il 


, ; 
known to military technologists abroad 


received in | urope, 


contribution that was best 


When civil war split the Nation in 
1861, Mordecai was assailed by divided 
loyalties. Torn between conflicting ties 
with North and South, subject to pres 
sures and suspicion trom both sides, he 
deplored the great conflict then unfold 


| 


ing and, when he could delay no 


decision that 
With heavy 


Army 


longer, made the only 


logic and necessity allowed 
heart, he resigned from the and 


retired to civilian life 


to maintain a scrupu 
lous and unhappy neu 
trality throughout the 
He 
Philadelphia 


r&X- 


war lived on in 
with his 
death in 


career of Major Mor 


family until his 
The 
decai was 


hnologists 


military 


soldier tec 
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New Combat Vessels 


The U.S.S. Haze_woon (DD-531), above, is the first Atlantic fleet destroyer to employ operationally the new Dash sys- 
tem which flies a remotely controlled helicopter from a special deck to deliver antisubmarine weapons (Navy photo 
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The 447-foot, atom-powered, radar-picket submarine TriITON, above, is the world’s largest and most powerful submersible. 
The 380-foot submarine Patrick HeNry, shown being launched below, is designed to fire Polaris missiles while submerged. 
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Testing Nuclear Ordnance 


Desert. laboratory subjects missile components to environmental 
changes to mect the modern challenge of aerodynamic heating, high- 


imtensity nowse, launching shock, high acceleration, and radiation 


William A. Gar 





AUSI 

Mr. Gardne 

Sandia Co por 

OUS OVCT the | t dec ide, those re spol aue. N. Mex 
] 


sible { i ng nuclear ordnan 


ments tor nu ir Weapol 


becor creasingly more 





out new ind more 
effective testing techniques. For exam 
ple, scarcely fifteen years ago, engineers 
questioned whether the problem ot the ordnance engineering 
high-drag rise experienced near Mach 1 tomic weapor 
14 } 


could be solved 


This so-called mnpenetr ible a vram are set torth in a docume 
came to be know is the “sound bar [The Stockpile-to-Target Sear 
rier: but during the ensuing htteen orwarded to the 
years, aerodynamicists and physicists, the Departm« 
utilizing the supersonic wind tunn headquarter 
the sled tracks 1 the design tool t Support 
their protessions, n mnly crossed t N. Mex 
“impenetrable” barrier but greatly ex This doc it, which accompanies 
ceeded it ve military characteristics tor the (rea II] test 
m today is the m, provides the background dat: ireas which 
“thermal thicket,” that hig necessary the establishment of an ntral point 
speed area where aerodynami environmental test program. It re contro 
heating begins to destroy the describes the environmental con 
delivery vehicle and its atomic ditions which a nuclear weapot 
weapon. As the weapons de ; may expected to experience 
signer pushes to meet the chal between manutacture and de 
lenge of greater and greater P % livery to a target. With these 
speeds in the delivery of nuclear weap background d nd experience 
ons, he must cope not only with the gained in other opment programs 
thermal thicket but with other and it is possible iblish a test pro 
newer problems caused by such factors 
is the high ntensity acoustical noise de 
power plants of high 
powered engines; the sustained high a 
celerations developed during launching, 
separation, and reentry; the radiation 


from the nuclear power plants of the fu 
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ituge. The head was designed to 
withstand a maximum unload condi 
tion of 500,000 pounds of force; it can 
accelerate 9,000-pound test components 
up to 50 G’s, and smaller test loads of 
2,000 pounds have been tested to 240 
G’s. Components ranging in size from 
>4 inches in diameter and 144 inches 


r can be tested. 


A 


The combined chambers will make pos 


1 
= 
iOTl 


CLIMATIC and high-temperature 


chamber is now under construction. 


sible thermal shock testing which simu 
lates such conditions as the release of a 
weapon from a bomb bay heated to 500 
degrees Fahrenheit into an outside tem 
perature of minus 65 degrees Fahren 
The 
building and connected by a remotely 
track 


wo chambers: 


heit. facility, contained in one 


controlled and cart, consists of 


1. A climatic chamber which meas 
ures 10/4 by 12 by 35 feet. Test tem- 
peratures in this chamber will range 
from minus 100 to 250 degrees Fahren 
heit: relative humidities from 5 to 100 
per cent; and altitudes from 2,500 feet 
below sea level to 100,000 feet above. 
The 


1ed in the middle to allow separate 


climatic chamber also is parti 
tLor 

perature tests to be conducted 
ultaneously. 

\ high-temperature chamber 
h is an oil-hred oven measuring 10 

by 25 feet. Test temperatures in 

ven range from ambient to 1,300 
crees Fahrenheit. 

\ second high-temperature environ- 
ment imposed on weapons systems in 
the laboratory is the simulation 
of the heat pulse experienced by 
the atmos- 


a body reentering 


| 


phere from a_ ballistic-missile 
flight or returning from a satel- 
lite trajectory of boost-glide 
flight. Typical of the critical problems 
irising during high-temperature reentry 
are the structural failures and severe 
thermal stresses caused by the high heat 
levels, and the subsequent conduction 
of this high-temperature pulse to in 
ternal components. 

Now being constructed at the labora 
tory is a radiant-heat facility designed 
closely 


to simulate as as possible the 


heat pulse and heat transfer rate of 


irious reentry conditions. The new fa 


cility consists of a series of electrical 


resistance heaters which can be ar- 


ranged about the test component. 
With 


square feet of a typical test vehicle will 


the new facility, about 20 
be heated up to 500 Btu’s per square 
foot per second. To attain the neces- 
sary high-temperature levels the facility 
requires a power input of more than 
13,000 ky-a, and this power will be con- 
trolled automatically. 

A third temperature facility is a mo 
bile temperature trailer used to estab- 
lish temperature-conditioned environ- 
ments in combination with vibration, 
shoc k. When 


trailer is in use, a shroud or insulated 


or other factors. the 
box is constructed around the test item 
which is later connected to the trailer 
by a 2-foot-diameter flexible tube. The 
trailer makes possible a temperature 
conditioning range from minus 100 to 
plus 225 degrees Fahrenheit. 

To reproduce the gamut of mechani 
cal shocks that nuclear weapons may 
experience during transportation, hand- 
ling, and delivery, several full-scale de 
vices are employed. In comparing these 
facilities, the maximum velocity change 
attainable on the weight of a specific 
test item is used. Velocity change may 
be described as the integrated area un- 
der a time-acceleration curve, or the 
shock signature imparted to the item 
under test. 

For instance, on a free-fall test unit 
dropped from a height of 300 feet, the 
terminal velocity upon impact with the 
ground would be about 135 feet a sec 
The 


into a shock signature 


ond. conversion of this velocity 
or the 
time and shape of the decelera 
tion pulse—would be dependent 


upon the configuration and ma- 


£ 


The 400-Toot drop tower, which sup- 


terials of both test unit and the 


impac t area, 


ports a cable anchored into the ground 
at a 45-degree angle, is used to test 
weighing up to 


components 3,000 


pounds. Test components may be 


dropped vertically from the cable or 
dropped down the cable on a simple 
attainable on this 


carriage. Velocities 


system are 130 feet a second vertically 
and 60 feet a second horizontally. 
\ second shock facility, the shock 


cord accelerator, subjects weapons to 


forces which simulate missile launch, 
catapult launch of aircraft, aircraft ar- 
take-off, 


ditching, and other special conditions 


restment, power failure on 
of transportation and handling. It can 
accelerate 18,000-pound specimens to 
17 G’s or more. 

The shock-cord accelerator, comprised 
of a sled powered by bungee cords, 


When 


stretched to nearly twice their length, 


rides a short length of track. 


the one thousand s-inch-diameter 


bungee cords can apply an accelerative 
force ol pounds. Velocity 


500,001 


change attainable with this large sling 


shot is 89 feet a second 


A 


of 4 feet, 5 


THIRD 


track with a normal railroad gauge 


| 
device 1S i # 


inches. Used on the track 
are test-track sleds powered by various 
combinations of dry propeliant rockets 
Shock testing is conducted on this track 
by accelerating the test component and 
sled into free flight off the e 
track. 
The 


the various targets at velocities up to 2, 


sled and components impact 
600 feet a second. High-speed photogra- 
phy and telemetry systems similar to 
those used in the free flight testing of 
bombs and missiles are used to monitor 
the tests. 


\ fourth shock-test device is an au 


gun consisting of two 16-inch naval 
rifles, fabricated by the Naval Weapons 
Center, Washington, D. C. The rifles, 
machined to an inner bore diameter of 


26 inches and go feet in length, were 


] 


flanged and bolted muzzle to muzzle 


to provide an airtight compression 
chamber. Velocity changes up to 500 
teet a second can be produced in this 
gun which develops 1,600,000 pounds 
of torce. 

Components mounted in a sabot in 
the barrel are accelerated by adiabatic 
expansion of a fixed volume of high 
pressure air, After the acceleration 
pulse, the test component in the sabot 
is then decelerated as it travels down 
the length of the gun tube, compress- 
ing the air ahead of it. 

The recoil energy of the gun is ab- 
sorbed by allowing the gun to roll up 
on tracks where the lifting of the gun 
weight of 160 tons absorbs the result 


ant energy. The gun may be further 
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used as a launching device by opening 


up one end of the tube and firing into 


targets ahead of it. 

Still another shock device available 
Hyge 
This 


velocity change of 


at the laboratory is a 12-inch 


actuator mounted horizontally. 


device can create 
the order of 300 feet a second, impart- 
ing to weapon components a one-half 
sine pulse with a height of 700 G's for 
The Hyge 


3,000-p.s.i. air supply to accelerate 


15 milliseconds. actuator 


uses a 
a carriage, upon which the test com- 


ponent is mounted, down a 40-foot 


track. Built into the carriage is a brake 
which decelerates the vehicle at a low 
level following the shock pulse. 

Now in operation in the laboratory 
is an MB 


ble of 25,000-pound peak torce. 


electrodynamic shaker capa 
The 
shaker is powered by a motor-genera 


tor set which provides a frequency 


range of from 5 to 500 cycles a second. 


The unique feature of this system is 


a 48-inch-diameter auxiliary table 


mounted on rubber shear pads upon 


10,000 


which a static weight of up to 


pounds can be bolted. This table, which 


allows the vibration of complete sys 
tems, has proved such a valuable aid 


to the weapon designer that a second 


shaker of the same is bein 


added to operate trom the same powcr 


capacity 
supply. 


gement of acoustically 


MRYHE impin 


transmitted vibrations upon weap 


ons and their components will be in 


vestigated in a new acoustic testing fa 


cility now under construction. The facil- 
ity will permit acoustical testing in the 
frequency range between 600 and 9,600 
cycles a second, with sound pressure 
levels to 170 decibels (zero db re:0.0002 
microbar). The levels are equivalent 
to those encountered in many full-scale 
operations. 


The 


berant 


facility will consist of a rever 


chamber, a plane-wave tube, 


and an anechoic room. The reverberant 
chamber will have an approximate vol 
ume of 40 cubic feet for reverberant 
sound-field testing of small components 
and major subassemblies. It will be 
driven by electrodynamic audio driver 
units. The plane-wave tube, to be 25 feet 
long, will have an inside diameter of 


10 feet and will be used for modified 
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free-held extremely 


high 


the tube 


testing at 


sound pressure levels with 
powered by air-modulated sound gener 
ators. 

The anechoic room will be approxi- 
mately 6 feet square and 6 feet high, 
and the sound power will be provided 
by the electrodynamic audio drivers. 

The effects of acoustical energy upon 
components fall into two general cate- 


The 


characterized by those transient 


gories. first type is the reversible 


failure, 


failures which exist only momentarily 


during conditions of high sound gen 


eration. Examples of reversible failures 
binding of moving parts, leaks in 


pressure joints, electrical contact chat- 


ter, and mic rophonics in vacuum 


tubes. A second effect is the irre ersible 


failure, characterized by such condi 


tions as weld breakage, panel rupture, 


tube element failure, and tube envelope 


failure. 
Now under construction is a 5-mega- 


watt, light-water-moderated, heteroge 


neous-type nuclear reactor, a large dry 


irradiation room, and the _ necessary 


laboratory space for the preparation 
and postirradiation testing of samples. 


In addition, equipment for combining 


the environments of heat, cold, altitude 


and vibration will be available. 
ECAUSE the facility 


ated twenty-four hours a day, 


will be oper 
seven 
days a week, the reactor facility is being 
designed to permit remote handling of 
test. Materials will be 


items under 


moved in and out of the irradiation 
room while the reactor is operating. 

In the ae room, hot ma- 
means Of a 


terials will be handled by 


manned, pew driven mobile 
handler. An operator inside the vehicle 
lead, will 


shielded by 6 inches of 


actuate mechanical arms to pick up and 
operate irradiated test samples. 

Man’s quest for speed is exposing 
new environments and extending others 


Most of the 


perature, vibration, 


new: tem 
she CA, 


range and 


names are not 


acceleration, 


radiation. However, their 


severity and the methods of applying 


environments to and 


such weapons 


components are rapidly changing 
The 


ment 


today’s devel } 
+} 


swiit pace ol 


engineering is fast closing 
time gap between the discoveries of 

; ; 
research teams and the application 


the development teams, 


One of several shock test devices, the 26-inch air gun can exert 1,600,000 


pounds’ 


0 — 
> 


force and can test specimens weighing up to 


2,000 pounds. 
~~ 


- 
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The Navy’s Military Sea Transportation Service maintains a nucleus 


fleet to sealift personnel and cargo to meet defense requirements 


> 
UR sea transportation resources 


[or limite War ar©e presently 


considered adequat 


However, the degree of promptness 


with which sealitt responds in at 


emergency will have an important im 


pact on the eventual outcome. A 


limited-war crisis could well become 


a race against time to evacuate Na 
tionals, to redeploy troops and equip 
ment, or to augment and resupply 


existing forces overseas. To be pre 


pared for such situations, we must 


rely on the ready availability of mod 
ern merchant ships of all types. 

The Navy’s Military Sea Transporta 
tion Service was established in Octo 
ber 1949 to meet such eventualities. Its 
mission is threefold: (1) To provide 
sea transportation for personnel and 
cargoes of the Department of De 
fense; (2) To plan and negotiate for 
use of commercial shipping to augment 
the MSTS fleet as necessary to meet 
total requirements; and (3) To plan 
for and be capable of expansion in time 
of war as directed. 

MSTS had its first 


fulfill all 


opportunity to 


three missions just nine 
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Adm. John M. Will 





Until his recent retirement 
{dmuiral Will was commande 
of the Military Sea Transpor 
tation Service. He ts nou pres 
ident of American Export 


Lines, Inc., New York, N. Y. 





months after its creation by a charter 
issued by the Secretary of Defense, pla 
ing under one authority the 


operation, and administration of sea 


transportauion for personnel and cargo 


of the Department of Defense (exclud- 
ing that transported by units of the 
Fleet ) 

with the start 


The first test came 


of the Korean conflict, and the newly 


ocean agency 


tormed transportation 


clearly demonstrated its ability to per 
form its missions under fire. During 
the hostilities, MSTS sealifted over 54 
million measurement tons of cargo, 
nearly 5 million passengers, and over 
22 million long tons of petroleum 
products to the Far East. 

Korea was not the final test in 
MSTS’ short history. Nearly without 
warning, 300,000 Vietnamese chose to 


leave their homeland by sealift exodus 


control, 


in order to avoid lite under Commu 


nism. Just as spontaneous was ; up 
rising on the other side of the world, 
where thousands of Hungarian refugees 


America 


and elsewhere on MSTS-operated ships 


were sealifted to freedom in 


When the Suez Canal crisis erupted 
in 1956, MSTS assisted in the evacua 
tion of our nationals from the threat 
ened areas and subsequently, because 
of the closing of the Canal, undertook 
the rapid augmentation of the MSTS 


tanker fleet by the activation of 
This left 


some 


sixty tankers. commercial 


tankers entirely free to care for the 


petroleum needs of our own and our 
allies’ civilian economies. The pattern 
repeated itself in last vear’s Lebanon 


CTIiS1s. 


kK VEN the normal operations ot 
4 MSTS would hardly be considered 
routine. The job of delivering defense 
materials to the Arctic Distant Early 
Warning radar network, stretching now 
from the Aleutians to the east coast of 
Greenland, is an annual mission. Other 


tasks 


Navy's Operation Deepfreeze in the 


include participation in the 
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Antarctic; down-range sealift in sup 


port of Air Force missile tests and 


resupply of the Air Force radar warn 
ing stations off the New England coast; 
sealift of United Nations’ troops; and 
assisting in the study of weather, cur- 
rents, and waves—the latter activity 
alone resulting in a saving to MSTS, 
through rerouting ol ships on the basis 
of wave torecasts, ol $1 million in the 


first year and a half. 


— EN “flare-ups,” MSTS main 


tains its readiness with its nucleus 


fleet. This consists of Navy-owned ships 


classed as “in commission” or “in serv- 
prehxed by 
S. Atlantic 
or Pacific Fleets assigned to MSTS and 
Navy 


ships 


ice.” Commissioned ships 


U.S:S are ships of the | 


manned by U. S officers and 


men. In-service 


U.S.N.S.—are 


manned by civil 


prefixed by 
MSTS and 


marine em 


operated by 
service 
ployees or the operator's Merchant Ma 
rine personnel 
The number of ships in the nucleus 
Heet presently stands at 150. More than 
half of this fleet is made up of fairly 
small craft, including strictly amphib 
ious and special-purpose ships having 
few, if any, 


commer 


counterparts in 


cial operation. Many of them 


operate 
in the Far East, while others serve in 
Arctic 


landing and picking up their cargoes by 


the Pacific islands and 


reyions, 


beachings at remote points usually in 


Transporting troops is a major MSTS job (Army photo 


accessible to the conventional type of 
commercial carrier. 

To take up the slack between the 
capabilities of the nucleus fleet and the 
requirements of the 


(Army, Navy, 


izes ships of the | 


shipper 
Air Force), MSTS util 
S. Merchant Ma 


rine under space, time, 


services 


voyage, or bare 
boat charters, or requests the Maritime 
Administration to provide Government 
owned ships from its reserve fleet. The 
Government ships are operated tor 
MSTS by commercial shipping com 
panies under general agency agreement. 

In this connection, an agreement be 
tween the Departments of Defense and 
that all merchant 


Commerce directs 


shipping capability required in addition 
to that provided by the MSTS nucleus 
Heet will be obtained (consistent with 


military requirements and prudent 


following order of 


- 


management) in the 
priority 

1. Maximum utilization of 

S.flag berth space 

2. Time or voyage charter ot suitable 
privately owned | S.flag merchant 
ships voluntarily made avail: 
Such 


dustry. charters will be kept to 


the minimum necessary to meet re 


, 
quirements which foresight indicates 


aunnot be met by | » Hag berth oy 
erators 
National 


Shipping Authority inder general 


5 auee 


3. Shipping provided by the 


agency agreement, 


Crane boarding an LST during MSTS operations 


Where U. S.-flag 


MSTS may 


shipping 


available, employ 
flag shipping to mec 


requirements 


TIAHIS is 
chant 
outiines ou 
This act decl 
the national 
ot. . foreign « 
a Merchant Mar 
litary i 
in time ind ope! 
by citizens ot t United States 


lar aS may pra ticable. 


i , 
declared to be the policy of the | 
tates to foster and encourage tl 


Merchant Mari 


tenance of such a 


In carrying out this phase of 
sion, MSTS in 1958, for example, 
curred operating expenses Of 9425 mu 


h 78 per 


maritime industry. Recipients 


lion, of whic cent went 

berth-line operators, tramp-ship of} 

tors, commercial operators of Gov 
ent-owned ships, 

repair yards 

MSTS was 


ition 


Sit Dillion me 
omplished in 


litt 


Navy photo 





rates, carried the lion’s share of the 
commercial lift. 

Time-chartered and NSA-agreement 
dry cargo ships numbered twelve at the 
beginning of the year, increased to a 
peak of thirty-four during July, result 
ing from the Mideast crisis, and then 
dropped to fourteen by year’s end. 

Over half of the 605,000 passengers 
transported in 1958 were enlisted mili- 
tary personnel traveling in troop ac- 
commodations. Commercial passenger 
ships were utilized over four principal 
passenger routes (Europe, Mediterra 
nean, Hawaii, and the Far East) for 
cabin passengers beyond the cabin cap 
ability of MSTS transports. 

During MSTS 1958 operations, 133 
million barrels of petroleum and re- 
lated products were transported. Dur- 
ing August 1958 the highest lift of 
bulk 


nonth in MSTS history was accom- 


petroleum made in any one 


plished. 


lifts from its organization in 


Total 
October 1949 through fiscal 1958 show 
that MSTS had transported 13.4 million 
passengers, 165.6 million measurement 
tons of cargo, and 954 million barrels 
of petroleum products. 


However, the MSTS story is perhaps 


most graphically told in terms of the 


intangible. The Military Sea Transpor 


tation Service is a worldwide labora 


tory where experiments in ocean trans 


portation can be studied under the 


microscopes of the entire American 


Merchant Marine. 


1 
laboratory has seen new con 


4 enn 
cepts in ship de sign, new approaches 


to safety practices ashore and _ afloat, 


the exploration and development of 
remote operating areas, and many other 
lepartures from the routine and the 
ordinary put to practical use. 


Many of 


proved or will prove valuable to com 


these experiments have 


mercial shipping. Some, on the other 
hand, are too specialized for ordinary 
commercial requirements. The Military 
Sea Transportation Service, for exam 
ple, has led the way in the field of 
Arctic operations. In resupplying the 
Arctic Distant Early Warning (DEW) 
Line, the key link to the Northwest 
Passage (Bellot Strait) was proved to 


be safe for use by deep-draft ships. 
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MSTS, concerned with ice damage to 
conventional ships, conceived the proto- 
type ice-strengthened small tankers and 
cargo ships which are now helping 
supply the American bases in the Far 
North. 

When the Maritime Administration 
conventional Liberty 


converted two 


ships to gas-turbine and _free-piston 
propulsion, MSTS operated them to 
prove their reliability and practicability. 
It is obviously the role of the Govern 
ment to underwrite costly experiments 
of this nature, and the ventures are 
paying off. Both ships 
have logged impressive 
sea miles, and their 
performance is being 
studied for possible 
adaptation in upcom 

ing new construction. 
Probably the most dramatic example 
U.S.N.S. 


Comet, the roll-on, roll-off ship. Her 


of prototype design is the 


performance and her capabilities were 


disclosed recently to commercial op- 
erators at a conference in Washington 
at which American-flag shipowners 
were urged to consider vessels of this 
type in their replacement construction 
programs. 

That MSTS has 
ences of this 
called 


gear its future construction in terms of 


initiated confer 


nature and has consist- 


ently upon private industry to 


fast, modern transports, roll-on, roll 
off ships, and heavy-lift vessels is fur 
ther proof that MSTS plays the dual 


| , ‘ 
role of laboratory and technical adviser 
industry. 


ll-off 


and consultar to the 


ship 





“The Military Sea Transporta 
tion Service is a worldurde 


, 
aboratory where experiments 


in ocean transportation can be 
studied under the 


of the 


Microsc ope § 


entire American Mer 


Marine. 

laboratory has 
in ship design 
new approaches to safety prac 
tices ashore and afloat, the ex 
ploration and development of 


and 


chant 
“This 


new concepts 


seen 


remote operating 
many other departures from 
the routine and the ordinary 


put to practical use.” 


areas, 





U.S.N:S. added to the 
fleet to supplement the Comer. 
Ships of MSTS have led the way in 


TAURUS was 


the field of safety and have set patterns 


that the commercial operators have 


followed. 
Fire-fighting and damage-control in 
1: — 
Struction are reguial 


MSTS ships. 


licensed crew members have attended 


features aboard 


Soth licensed and un 


these schools ashore and received in 
struction aboard their ships during in 
port layovers. The strong emphasis 
upon safety in all departments has 
resulted in fleet-wide adaptation of em- 
ployee suggestions and probably has 
made MSTS personnel more safety 
conscious than those in any other ocean 
transportation agency anywhere. 
Without a healthy American commer 
cial maritime industry, MSTS would be 
greatly handicapped in fulfilling its 
missions in peace and war; hence its 
efforts to utilize private industry's re 


sources wherever possible. 


AS it is with ships, 


this high-speed, nuclear-rocket-mis 


so with men. In 


sile age, there will not be time to train 
the executives an emergency would re 
quire. Like the Minutemen of Revolu 
tionary days, who wore no special unl 
forms either, fifteen leaders in the com 
mercial ocean transportation field met 
recently at the Washington headquar 
ters of the Military Sea Transportation 
Service for their first training session 
as MSTS Executive 


Preparing to fill Willan positions 


Re servists 


in the areas of ocean transportation, 
manpower, ship conversion, repair, and 
case of a 


material procurement in 


national they underscore 
MSTS’ 


state of 


emergency, 
determination to maintain a 
readiness for war while ful 
filling its peacetime mission. 

Selected from industry on the basis 
of experience and executive ability, 
they form the MSTS unit of the Na 
tional Defense Executive Reserve inau 
gurated by President Eisenhower in 
1956 as a preparedness measure. By at- 
tending training meetings and defense 
exercises regularly each year—incident 


ally, without compensation—they will 
be ready to step into their prearranged 
MSTS roles at 


full mobilization. 


once in the event of 
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An account of the Association’s 41st Annual Meeting at Aberdeen 


ORE than 5,000 members of During the parade a 
the American Ordnance Asso “Mister Guided 
sociation gathered at Aberdeen _ publicly for the 
Proving Ground, Md., on Thursday, Army Band d 
October Sth, to celebrate Ordnance Day Bacca who composed tl 
1959 by witnessing tests and demonstra to General Toftoy. 
tions of the hirepower and hghting There tollowed demonstr 
equipment of “The Army of the Fu rifles and automatic we ipon 
ture” that marked this Forty-first An from the Army's 1903 Gatling gun, range ammunition | greater eft 


nual Meeting ol the A.O.LA Included through the newly adopted -.62-mm. ness than its predecessors, 


in the demonstration of nearly fifty Mr4 rifle and M6o machine gun, to the During the noon hour an appeti: 


' ' , 
box luncheon of fried chicken a1 


nine that were shown to the public for weapon which can fire at the rate of the trimmings was served id 
- Cau. al l 


, 


items Of new and future weapons were multibarreled 20-mm. M61 aircralt 


the first time. 6,000 rounds a minute. bers also took advantage of this tin 
The members were welcomed to the Among the weapons shown for the inspect the many interesting stat 

Proving Ground by Maj. Gen. H. N. _ first time were the lightweight 4.2-inch _ hibits which showed latest equips 

Toftoy, Aberdeen commander, and also mortar T201 and the g0-mm. medium and developments of the Army t 

were greeted by Lieut. Gen. J. H. Hin- assault weapon (Maw) designed to cal services as well as of the Ordr 

richs, Chief of Army Ordnance; Gen. provide the infantryman with a arsenals and laboratories. 

Lyman L. Lemnitzer, Army Chief of | shoulder-fired piece that can penetrate 

Staff: and the Hon. Wilber M. Brucker, all existing armored vehicles. i» IE afternoon session opene 

Secretary of the Army. A.O.A. Presi Five artillery weapons also were thrilling airborne operation b 

dent Louis Polk replied to these greet- shown for the first time. These were pany C, 5o1st Battle Group, 82 

ings, and the demonstrations began with improved towed versions of the 105 borne Division. A 106-mm 

a parade of the Army’s missiles, includ- mm. and 155-mm. howitzers, the 115 mounted recoilless antitank weapor 

ing the Hawk, Nike Hercules, Lacrosse, mm. ‘“Moritzer’’—a close-support dropped by parachute from a ¢ 


Corporal, and Sergeant. weapon using the boosted-rocket princi (Continued on p 
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Above, the “Maw,” a shoulder-fired, 90- 
mm. recoilless rifle firing a shaped charge 
with an effective range of 500 yards— 
more than twice that of the bazooka 

and capable of destroying the heaviest 
known tanks. Right, viewing the Aber- 
deen demonstration, left to right, Maj. 
Gen. P. L. Freeman, Commanding, the 
Infantry Center, Ft. Benning, Ga.; Lieut. 
Gen. J. H. Hinrichs, Chief of Army 
Ordnance; Gen. B. C. Clarke, Com- 
manding, Continental Army Command; 
Secretary of the Army Wilber M. 
Brucker: Maj. Gen. H. N. Toftoy, Ab- 
erdeen Proving Ground commander. Di- 
rectly behind General Hinrichs is Louis 
Polk, A.O.A. president (Army photos). 


Left, demonstrating the air mobility avail- 
able for Army firepower, an Army Vertol 
107 helicopter lands crew and entire 
Little John rocket system. After rapid 
emplacing and firing, crew and equipment 
are then picked up by same helicopter for 
redeployment elsewhere (Army photo 





Above, right, the “Moritzer,” a 
combination mortar and howitzer 
utilizing the best features of both 
A 115-mm. field artillery weapon, 
it possesses the light weight and 
high rate of fire of a rocket launcher 
plus the precision of an artillery 
piece. Center, right, mobility and 
ease of handling the new Sergeant 
missile were dramatically demon- 
strated as crew emplaced and fired 
missile withia twelve minutes’ time. 
Below, left, operational today, the 
free-flight Honest John surface-to- 
surface artillery rocket travels on 
its own self-propelled launcher. Be- 
low, right, the 8-inch, unarmored, 
self-propelled howitzer T236 is air- 
transportable and designed for use 
as general artillery and for close-in 
support of armor (Army photos 





Above, section of Aberdeen viewing stands crowded with A.O.A. members. Below, Gen- 
eral Hinrichs holds first production model of the M14 rifle which Secretary Brucker, 


right, presented to Sgt. Maj. G. C. Ferguson of the Infantry Center, Ft. Benning, Ga. 


Below, the Army Transportation Corps’ new rolling fuel transporter (Army photos). 


ht in front of the gaping 


ore 1 
audience. The paratroopers followed In 


land gently rig 


short order and soon drove the jeep to 


a prepared position and fired the 
weapon. Pic. G. D. Spivey also made 
an accuracy jump from a heli opte! 
hovering high over the stands, and 
landed within ten feet of the onlookers 

Demonstration of a Chemical Corps 
flame-throwing tank followed, to be suc 
ceeded by showings of new Army trucks 
ranging from the new lightweight jeep 
M151 through the 8-wheeled, 2!>-ton, 
XMg4r1o0 and including the Mechanical 
Mule, the 1-ton, 8x8, XM284, and the 
multifuel 2'4-ton, 6x6, M35E7 

In an impressive demonstration of 
rocket artillery, the 218-mm. Little John 
rocket XM47 was landed by helicopter, 
emplaced, and fired—all in yust a few 
minutes—showing the mobile firepower 
of this weapon. The long-range 702 
mm. Honest John Mar rocket also was 
fired as was the 4.5-inch multiple rocket 


launcher. 


VIVE special-purpose vehicles were 


then demonstrated. These were: (1) 
The “Superduck” XM147E2—an am 
phibious, 244-ton, 6x6, vehicle that re 
places the famous World War II 
DUKW; (2) The 54-ton recovery ve 
hicle M88, capable of towing the heavi 
est Army tank; (3) The new alumi 
num-armored personnel carrier M113, 
air-transportable, fully amphibious, and 
capable of carrying 13 men; (4) The 
25-ton semitrailer XM173E1 with pow 
ered rear axle for increasing off-road 
mobility; and (5) The new 15-ton, 8x8, 
tractor truck XM1g4E4 with a 60-ton 
capacity semitrailer. 

Of special interest was the first show 
ing of the Army’s FASS (free air sus 
pension system ) vehicle being developed 
by the Ordnance Tank-Automotive 
Command. This vehicle employs the 
ground-cushion phenomenon and typi 
hes a mode of air suspension utilizing 
a peripheral jet to contain air under the 
base of the vehicle. 

The concluding demonstration of 
tank firepower was marked by the 
spectacularly accurate shooting that has 
distinguished this event on Ordnance 
Day through the years. The light 76 
mm. gun tank M41 and the heavy 


120-mm. gun tank M1o3 both showed 





their ability to deliver rounds on target 
rapidly and accurately 

The go-mm. gun tank M48A2 was 
demonstrated equipped with an experi 
mental ballistic computer XM16 which 
is designed to introduce into the sights 
corrections for drift of the projectile, 
jump, parallax between gun tube and 
sights, muzzle-velocity loss due to tube 
erosion, and cant of the vehicle. The 
information for these corrections is fed 
into the computer continuously from a 
coincidence-type range finder. A similar 
tank, the M4S8Aq, equipped with a 
stabilizer, showed the ability of the tank 
gun to stay I irget while the vehicle 
moved over uneven terrain 

Of particular interest was th 
M6o0, known as the main battle 
armed with a high-velocity 105-mm ? ak f , “ 
gun and powered with a 750-horsepower > as =" oe hh ~F= 
compression-ignition engine, It is sched Above, Col. Walter T. Kerwin, distinguished World War II artillerist, stands beside 


uled for production in April to replace the new 155-mm. howitzer. Below, parade of missiles at Aberdeen (Army photos 


the present Patton 45 tank 


A igh Spot of the program Was the 
~_ f r 


presentation ol the very first pro 


I 
duction model of the Army’s new M14 


rifle—No. 0001—to Sgt. Maj. George ¢ 
Ferguson who was wounded eight times 
in World War Il fighting. The presen 
tation was made by Secretary Brucker. 
Now assigned to the Army’s Advanced 
Marksmanship Unit, Fort Benning, Ga.., 
Ferguson was decorated for 
his roic exploits while serving in 
Europe with the 378th Infantry Regi 
ment of the gs5th Infantry Division 
This simple ceremony of present 
ing an outstanding weapon to an out 
standing soldier underscored in dra 


] 


matic fashion the real purpose of th 


Industry-Ordnance Team—the develop Below, the Scorpion 90-mm. self-propelled gun M56, is highly maneuverable and 
light enough to be transported in large cargo aircraft and air-dropped (Army photo 
ment of the best possible weapons so 
that our hghting men will have them 
in quai tity whenever needed for the 
defense of America. For this purpose 
the Ordnance Association was founded 
forty years ago; to this ideal its 43,000 
members are dedicated. 

The day-long tests and demonstra 
tions at Aberdeen on October 8th proved 
without doubt that Army Ordnance is 
well aware of its obligation to the fight 
ing man and is leaving no stone un 
turned to develop for him the most 
advanced and effective weapons that 


time and available money can provide. 
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Single-standard Problems 


The cdeal of a single standard for all the weapons of the armed 


services of all the Western powers scems very desirable, but there 


are many practical road blocks that make its attamment difficult 


LL musketmen should have the 
same musket, type of ball, pow 


der, powder charge, and igni 


tion system. This is the ideal. 


LOgIstic 


One weapon must do everything but 


cook; even th at. 

All allies should have the same stand 
ard weapons, equipment, vehicles, and 
supplies. This is an ideal also. 

In 1938 the Nazi army was regarded 


| 


as ideal because, due to the Versailles 


Treaty, which the Nazis chose not to 


read, their army had not only all new 
but strictly single-standard small arms. 
Staff 


Army envy of the 


publicly ac 


Our then Chief of 


knowledged i. a 
Nazi's single standards. 

The German Nazi record trom 1929 

j | 


15 dIscloses, however, a wide 


As with the 


Variety ol 


United States in 


weapon models 
1501-156 
1917-1918, and in 1941 
amazing array of “nonstandard” 
their way 

the tables of German Wor 
War II equipment. 


Invention reared its 


weapons tound 


Deve lopment and necessity 


gle standards, and 


bined to confound sin 

the Nazis ended uy ith 3 rifle types, 3 
P 

> different calibers, 


ins (MGeg, 


nachine carbines o 


1 


there are fv 


mayor road block to this ideal based 


410 


Lieut. Col. Melvin M. Johnson, Jr. 





Colonel Johnson, U.S.A.R., In 


tive, inventor of the Johnson 


emiautomatic rifie, is an au 
yority on small arms. He 
“rrenty ing a resedai 


serv as 
sultant, New Haven, Conn 





upon Di I S. experience 


World Wars and in Korea. 


Problem De 


Spite the purest military imposition of 


1. The Same Service 
command decision, the modern record 
shows many examples of intraservice 
intrabranch splits over 


and require 


ments and characteristics. It would be 


Vy to State, for example, that in the 
Army the 
CONARC, 


rcounter disagree ment over 


Ofhce of the Chiet of Staff, 


and the Ordnance or} 
in new weapons, 
to say that all 
not strive 
ily toward 
accord 


For example, the 


Navy 


reements ¢ 


and 


ess other items 


as within a single service one 


her s poison, 


ever, just 
, : 
branch’s meat may be anot 


tt 


1 

so also, tor example, the characteristics 
ee eS ee 

Of Carfrier-Dased alrcra aifter trot those 


ause SOT Na \ 


difter, 


ot land based types Be 
‘ ; 
ind Air Fore 


irmament 
ferent 

The extent 
standard inte 
missiles is far | 


There 


escaped interservice debate 


soliloquy missile 


which have 


as to standards, quite above and beyond 
{ 


the question ot which service shall O} 


M-XYZ, M-ABC 


erate miussil¢ and so 


forth 


interser 
ol the 
hed The 


which supports NATO single stand 


] 
same, but trei rendously 


pure, cieal practical 
as a means to conquer logistic ch 

lahl ' +} 
as unassailabdk is ¢ 


NATO-nation 


| phatically ener 


muiltifa 


Vv hick 


] 

For example, 
ible mussions, tert 
militar 


mum torces, 


procure outside, b 


probable raining, 
national 


pride of authorship,” conc 


over dependence upon others for we 


ons—all these and many other factor 
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distinctly tend to defer, if not defeat, tormed authorities both here and abroad 
many significant single-standard solu- are deeply concerned lest all of NATO 
uons in NATO. lose the benefit and strength which bili é 


Since the U.S.A. is continually “pick comes from put-to-practice ideas, of ardized on 1926 Mi rif 1917 Br 


ing up the tab,” it might be well if all whatever nationality. If NATO is to _ ings, pre-World War II howitzers, a 


j 
} 


NATO took L » a standard weapons have its full strength, research and ae so torth, and we should standardize 


and equipment with no exceptions. But velopment cannot be put under virtual once on just one IRBM, one ICBM 
might not such a policy damage the martial law or executive fiat ind choose between 

scope of NATO development versus Beyond research and development propellants. 

the Soviets? come engineering and production In view of both 


After very extended arguments, American mass-manutacturing tech one to keep ahead in ipons, the 


NATO has agreed to the U. S. T65E3 niques are somewhat different from other to have standardized equipmer 


cartridge as the 7.62-mm. NATO round. British, and quite far apart fron n hand with which 


Shorter (2.80 inches) in over-all length of most of Europe nust balance the “whiz-boom 


than any of the established NATO ‘ 1ceds. No or f p the 


rounds, the new cartridge can be fitted . The Rapidly Rising Cy al re! ' al up-cu nd should n 


into existing NATO small arms and its urve. Afticionados of cha n n it possible. But tl also must be 


standard tor the FN and U. S. Mra curves would be hard » por nm undation, and 


ready i 
rifles and the U. S. M6o machine gun the comparat 
West Germany, however, logically research and 
has gone back man MG42 past hitteen 
(1942) machine vi but in 7.02-mm., ascent comes 
NATO caliber MG42 being onl) ipplied reseat 
slightly heavier bi ewhat simpler to fruition. 
than the Moo. u ‘ tor st week, some 
Germany to | 


NATO 


TO 


retall 
and disconti 
of whicl 
examples 


ion probiet 


trom the 


developn 


shel! 
produced 
prove the 


subs ril 


t 


I 


ing out yust 


irdize 


Man 
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Our Detense Posture 


Program of the Association’s Annual Industrial Preparedness Meeting 


The Forty-first Annual Industrial Preparedness Meeting of the American Ord 
nance Association will be held on Wednesday, December 2, 1959, at the Waldorf 
Astoria Hotel, New York City. There will be morning and afternoon seminars on 
America’s Future Weapons Needs and the Task of the Industry-Ordnance Team 
I here also will be the annual Armament Preparedness Luncheon, and the Indus 


trial Preparedness Dinner. Louis Polk, A.O.A. President, and Henry N. Marsh 
he program follows. 


\.0.A. Vice-President, will preside at the seminars. 


$ 


Morning Session—9:30 o’clock—Starlight Roof 


SEMINAR: AMERICA’S FUTURE WEAPONS NEEDS 
CHAIRMAN 


Louis PoLk 


Pre side ni, {me rican Ordnance Iss ciation; Presi- 


dent, The She ffie ld Corporation, Dayton, Ohio: Vice- 
President, Bendix Aviation Corporation, Detroit 


SPEAKERS 


LIEUT. GEN. ROBERT F. SINK 


ymmanding General, XVIII Airborne ¢ or] 
Bragg, N. C. 


ss 


Cr 
United States frmy, Fort 


VICE. ADM. WILLIAM R. SMEDBERG, III 


Second Fleet, United States Navy 


Commander, 


LIEUT. GEN. ROBERT M. LEE 
| ice ( ommande rr. 127 De fense € ommand, l nited States 
17) Force, I nt Anu Force Base, ( olora l do Springs, Colo. 


. 
Midday Session—12:30 o’clock—Starlight Roof 


ARMAMENT PREPAREDNESS LUNCHEON 
PRESIDING 


Litut. Gen. Lestie R. Groves 


merican ranance ssocia ion; ‘7 e resideni 
1 Ord 1 t I P lent 


President, New York Post, 
Rand Corporation, Stamford, Conn. 


Remington Rand Division, Sperry 


ADDRESS 


Dr. Howarp A. WILcox 


Research and Engineering, 


Deputy Director, 
Washington, D. C. 


De partme nt of Defense, 





Afternoon Session—2:45 o’clock—Starlight Roof 


SEMINAR: THE TASK OF THE INDUSTRY-ORDNANCE TEAM 


CHAIRMAN 
Henry N. MARSH 


Vice President fo) Te hnical D 
American Ordnance Associatio 


SPEAKERS 
LIEUT. GEN. JOHN H. HINRICHS 


Chief of Ordnance, United States Army, Washington, D. ¢ 


REAR ADM. PAUL D. STROOP 
Chief of the Bureau of Naval VW eapons, 
United States Navy. Wash igton, D. ¢ 

LIEU T. GEN. ROSCOE C. WILSON 


De puly ( hief of Staff, Developme nt. l rl ted States A Jj Fi rceé 
Washington, D ( 


‘ 


Evening Session—7:30 o’clock—Grand Ballroom 


Reception 6:3 och East fF 


INDUSTRIAL PREPAREDNESS DINNER 


PRESIDING 
Lirtur. GEN. Lestie R. Groves 


Pre sident, New York Post. {one rican Ordnance {sso ation: 
Remington Rand Division, Sperry Rand Corporation, Stan 


POASTM ASTER 

Louis POLK 
P es de nt, American Ordnance 1ssoc ration: Preside nt The She fTle ld ( poration, 
Dayton, Ohio: J ce Pre side nt, Be ndix 1; ration ¢ orporatio et _ VJ 


’ 
ich 


AWARD OF THE WILLIAMS GOLD MEDAL TO 
Hon. Henry Casor Loner 
The Repre sentative of the l nited States of America 
to the United Nations 


ADDRESS 


HON. HENRY CABOT LODGE 








The Mace Missile 


Ma}. Gen. Daniel W. Jenkins 





HE first tactical surtace-to-surtace ings, 1d weathered 
guided missile, the TM61 Mata Generat Jenkins 1s deputy 
mande? Ninth 11) 


Shaw Air Force Base 


it their home base 
the Mace 


by the Martin (¢ ompany, went into op 1 in raging snow storn 


dor, developed for the Air Force 





erational service in 1953, months betore id of radar or 
other more spectacular missiles were tactical hghter bombers u ir m round yntrol devices, seek 
veiled to the public sion of counter alr oper tio! nd 1 destroy ene! 
Today, Tactical Air Command’s s¢ interdiction. Although 
| al missile, the TM76A Mace, To the enemy, interdiction 
by operational units 1ocked-out supply depots, demo! 1 diction, 
outgrowth of the Matador, the rai nters, and crat roadbeds. affected 
is designed penetrate ny hort, air interdiction det r em \ yround 
letenses and the means with which to 
stroying a great portion of his 
in be brought to 
under all w } rd I ndermining the will of hi 
\s its name, 
the Mace, which ts now replacing the acquisition of the 5 »f yw ti id's contour 
Matador, is not an ICBM. It is a miss 1 now has a much-improved | \utomatic Terrain 
latively short range, powered | 24-hour all-weather interdiction cay ynitiol nd Navigation Syst 
lison ]22-A-41 turbojet engin bility is versatile miss ( ‘ MS Navi yal guidance system but 
yunds’ thrust and lo vy low altitudes, skipp: long | r Aircratt Corporation | 
inned fighter-type cont f ‘ , avoiding d id utor ic terrain guidance 
rocket, generating tion | lar | mparing the terrain 
is used ¢ ll-w er capability ¢1 ich the Mace is flying with 
destroying marshaling y: : { f programmed rout 


topographical maps. 
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If the missile’s flight path deviates 
from the programmed path on the film 
map, the system adjusts to the required 
ATRAN is 


possible to jam by 


correction, virtually im 


means of electronic 


countermeasures 


Therefore with prepared data on 


enemy terrain characteristics we can 


select any route to the target. This in 


creases the element of surprise and bur 


dens the enemy with additional compli 


cations in air defense against the Mace. 


Fewer than ten TAC crewmen are 
required to handle and launch several 
Mace missiles. Because the missiles uti 
lize a standard aircratt-type jet fuel, no 
special handling or storage problems 
are involved, and the Mace can be kept 
in constant readiness for launching. 


Mac e 


system is greatly decreased by its mo 


Vulnerability of our weapon 


bility. Its launching pad 1S actually the 


bed of a specially built trailer, called a 
Translauncher, towed by a Teracruzer. 


The MMx unit, has a 


Hat open bed for carrying various equip 


Teractr 


7eT, OF 


ment pac ks such as 


, 
needed 


c hec kout. 


those 


lor 


ordnance, assembDI\y 


launching. Bott ride 


barrellike 


nits on 


rubber tires at speeds uj 


40 miles an hour th gh all types of 


weather and over TY ImMpassabDle 


terrain 


i hows 
Mace 


needed or, 


AKCS 


rapidly 


by moving at irregular inter 


| Tr 
vals, making the enemys probiem ol 


ferreting out the weapon's exact location 


] 


extremely difficult 
From one theater ot operations to 


Mace 


an 


ther, an operational 


asily be carried by ¢ 
raft 


The Mace’s retaliatory power in the 


face of a would-be aggressor is a prime 


Very 


in 


deterrent to hostile operations, 


soon this deterrent power will be 


place in Europe where Matadors now 


stand facing a powertul missile, fighter, 


and bomber force in Russian 
countries. 

As additional 
assembly lines. 


Matador 


Mace weapons roll off 


the is reasonable to 


issume_ that units in Korea 


ind Taiwan w 


] 


ISSII€ 


Mace 


newer ] 


Che 
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recently the cent ' al 


lando. Mace tea ire sent Oo iau 
in AFB, N. Mex 


tes ict 


gressional ] 


Although ( 


ing ranges at Holl 


W ashington. ongress ini an actual and trom ther 


tially cut 


“Dp 
B 


MISSLCS, 


for production oO! n o' 


erseas where they be 


model t 


new 
Mace 


joined by the Secretary ot 


inertially guided nembers ot s located o 


the ir Force was tional units. 


I Holloman, the 


s¢€ Of a 


the 
NATO torces, 
and the commander in chiet ot 


Au 


ing restoration of funds to be available 


| de lense, 


commander in chief ot Mace teams 


the Pa a gli new 


Mace, the 


test-tflow n there 


version ol! 


cihic the ng 


[M76B, currently being 

Che TM76B is guided 
system built by 
AC Spark Plug Division of GMC. This 


system 1S a naviga 


Forces in successfully request 


, , 
for the new progran it 1960 mill Dy an inertial guidance 


tary bud; 


A thousand or more of our Mace tech torm of 


‘memory 


nicians will soon complete their train tion” which records the distance tray 


Air 


( rlando 


the Tactical 


x hool, 


ing at Command's 
Missile Au 


Base, Fla. made, 


ry the missile and the precise di 
has 


unit 


Force of every movement it 


In this way the inertial 


Training at the school, 
by Ninth Au 
Training Wing, | been in and the 


by neal 


where the missile is at every 


KNOWS 


the |: 


ducted aunch base 


Missile 


! 
nent in relation t 


Tar 


system prior 


target et intormation 


creased - 
year. 
Flight 
silemen 
PM76B missiles wil 
AFB, N, 
Missile Test 


the TM76B's 


ind the missile is then 


test tr course 


, Hy 
with the just like type 


dated when tec! 


\s 


Hollom if} 


reases 
inti 


where 


ind our 


' 
and propulsion system missile can’ be dispe 


ing ol personnel on the pletely self-contained, indepe! 


system is a relatively e: Chis gives it survivability 


only a matter of up-gradin ri i 2. It is probably the least 


izing our Matador curriculu issile 


this newest of ta 


Initially, airm 


in 


come a member oO ‘ inl Propulsion syste 


tends a short course 1 re tundamet the most reliable 


tals of electronics after 


Mace 


This Svst« 
rolled in the school 


He 


Stays 


trains with his ows 


with it permanently 


T'M/76 Mace missiles roll 





Modern Fuzes 


These amazing devices for detonating projectiles have a built-in 


imtelligence which enables them to detect their nearness to a 


target by proximity, norse, heat, pressure, and other novel means 


HE modern 


remarkably 


itary tuze 18 a 


accurate device that 


is designed to detonate a bomb, 


mine, shell, projectile, or missile at 


definite time and place so as to do th 


to its target. Al 


maximum damage 


though fuzes are used by the millions 


in combat, many people are 


untamuliar 


with their function and versatility. 


lo some a fuze may be “something 


rht with a match when you're 


you ll 


throwing a bomb,” or “something that 


makes a projectile explode when it 


“ | 1 
even, a ClOCK 


strikes the target,” or 
work that explodes a projectile alter a 
certain period has elapsed.’ 

true, but 


These definitions are all 


they do not give an accurate picture of 
what a fuze really is. It is like defining 
dogs as things that have four legs and 


bark 


rustic furniture 


which is also a description of 


One type of fuze may locate its target 
by optical means, as when a tar 
get is close enough to throw a 
dark shadow across it. A photo 
cell in the fuze recognizes the 


light intensity and 


change in 
sends an electrical signal to as 
sociated circuitry, causing the fuze to 
fire the main charge. 

Just as a man has his five senses, a 
fuze may have one or more of several 
senses. Just as a man may listen for an 
enemy, a fuze may listen for the ap 
proach of a target. In a fuze of this 
sort, a microphone detects proximity to 


the target, usually by means of target 


416 


Robert s 


Eichberg 





Vr. Eixchberg, an ordnance en 


Washington ss ££. 


gineer, 


, ; 
the author of a numbver o 





generated noise, and tells the 
when to fire. 
The sense ol touch aiso 18 en ployed 
An obvious example 1S the 
fuze which initiates burst when 
strikes the target. Other ex 


nissile 
amples are the fuze which detects 
is suited for use in anti 
th 


bration and 
tank mines and the fuze 


proximity to a heat source, 


jet aircratt exhaust, much 


would know when he was appr 


a hot stove. 


I know ot no fuzes which employ th 


1" 
senses of taste and smell, but fuzes do 


have other senses which man does not 


possess. A fuze, for example, may in 


clude a miniature radio trans 


\ signal 


reflected 


mitter and receiver. 
from the transmitter ts 
from. the target, and the re 
flected wave is picked up by the 
receiver. When the transmitted 
and the received signals are mixed, the 
resulting pulses trigger the fuze. 

A fuze also may be designed to sense 
height above ground or water to burst 
a bomb most effectively against surface 
matériel, transport, or personnel. The 
radio principle or a barometric device 
can serve as an altimeter in such a fuze. 
desired 


For underwater burst at the 


depth, a pressul 
be used. 


The types of fuze actions mentioned 


above are merely basic examples. Fuzes, 


} 


produced, are tar more 


as actually 
be com 


Thus it 


ruze must 


sophisticated. \ 


pletely sate tor troops 


using 


must be able to differentiate between 


the forces produced by launching or fir 


ing (which should arm the fuze) and 


id foot drop 


those resulting Irom, say,a4 


onto concrete (which should leave the 


fuze unarmed). In other words, a fuze 


should “know” whether the projectile 


in which it is mounted is intentionally 
fired or whether it accidentally has been 


dropped out of a cargo net onto a pier 


( ea way in which this can be done 
is to design the Satety ind-arming 
(S&A) that a 


force, rather than a momentary one, 1s 


system so conunuing 


needed to arm the fuze. There are 
many ways in which this can be done 
In one instance, a weight exerts force 
on a clock mechanism; if the force 1s 
not applied for a predetermined period, 
the S&A system resets to the unarmed 
condition. 

Mechanical methods are by no means 
the only way in which a fuze can be 
armed. The safety system may be ele« 
trical, with a charge being injected into 
the fuze at the moment a bomb leaves 
the bomb bay. Time delay can lx 
achieved by applying the electrical 
charge to a capacitor from which it is 


caused to leak through a resistor to a 
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second capacitor which, when charged, 


causes a breakdown in a circuit, per 


mitting the second capacitor to dis 
charge through an electrically actuated 
gas generator encased in a cylinder, the 
piston of which moves to arm the fuze. 

Power supplies for electrically oper 
ated fuzes are extremely diverse. They 
may, as mentioned, consist of charged 
They may be 
They 


which emit a pulse of electricity when 


capacitors. batteries ot 


various types. may be crystals 


subjected to shock, much like a phono- 
graph pickup. They even may operate 


on the static generated by the flight of 


the projec tile. 


_~ ordnance tuze, in short, 1s a 
. highly sophisticated brain which 
prevents a projectile from hiring until it 
IS In a position which is sate tor the 


users. It then arms the projectile, putting 


it in condition to fre when certain cri 


teria are met. The fuze now surveys its 


waiting for certain phe 


environment, 


nomena to be encountered. Meeting 


these phenom« na and under only one 


other condition it causes the projectile 


to explode when in a position to inflict 


maximum damage on the target. 
The other condition under which the 
fuze may cause burst is if the projectile 


target widely and is fall 


has mussed the 
ing back to earth, perhaps onto triendly 


territory. In this event, the fuze will 


detonate and destroy the projectile be 


fore it can reach an area to which it 


would cause undesired harm. This ac 
tion is known as self-destruct. 


Fuzes must meet stringent require 


ments unlike those of household elec 


] 
as radio or telev 


A commercial receiver is 


tronic devices, such 
sion receivers. 


expected to operate day after day. If it 
fails, a repairman soon puts it to rights 


\ fuze must operate once and only 


once, but its functioning must be per 
fect. If the fuze fires the main charge 
too soon, it may destroy the personnel 
who have fired the round. If it func 


tions too late or not at all, not only 


will the target go unharmed and so be 
able to complete its mission but the 
multithousand-dollar missile which car 
wasted. 


ries the fuze will be 


So special components and _ tech 
niques have been devised for fuzing. 


If a pillow falls off a truck, it is less 
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likely to burst open than is a sack of 
flour. The pillow is lighter, so has less 
Thus, 


kept as light as possible, consistent with 


inertia. fuze components are 
other requirements. Since the size ot 
an object ot a given material and con 
hguration is a determinant of its 
weight, components are made as small 
as possible, subject to other require 
ments. 


A small 


size of the first joint of your little fin- 


vacuum tube was once the 
ger. It was reduced to the size of an 
eraser on a lead pencil. Transistors re 
placed tubes—they were the size of a 


Now 


are no larger than the 


transistors tor ftuzes 


period at the end 


small pea. 


of this sentence and : thinner than 


the paper on which this is printed. 


Resistors in fuzes originally were 


about as big around as the stick 


lollipop and some half-inch or 


length. Now they are simply 


smear of resistive ink on a nonconduc 


tive plate. The same with capacitors 


once looking like a half-inch or so of 


round lead pencil, they are now 


couple ot spots ol conductive ink torm 


ing the “bread ot a sandwich in 


the meat 1s i electri mat 


Resistors and capacitors are both p 


m the nonconductive plate as 
wires connecting them into a circuit 
Such printed circuits are extret 
rugged. The first electronic fuzes cot 
sisted of the earlier types of parts met 

tioned above, connected with wires 
the cavity 
filled with 


held the « ir; ult 


In a later technique, 
taining the circuitry 


] his 


elements in fixed position when it had 


was 


molten plastic , 


solidified, but its shrinkage when 


} 


changing from the fluid to the solid 


torm sometimes caused dam ig¢ 


Printed circuits need no such protec 


| 


tion and are far cheaper to produce 


Fuzes might be said to form a race 


uch like people, with the same spread 


mn education and innate intelligence 


umong groups and individuals, There 


is the tuze which 


simple 
1uses explosion when the proyectie 


carrying it Strikes a target this might 


correspond to at 


At the 


Australian bushman 
, . 
scaie would be 


an extremely sophisticated 


other end ot the 
fuze which 


might be likened to a foremost 


} hysicist 


Cutaway of an early proximity fuze used on World War II shells 





New Combat Aircraft 


First official photograph of the Air Force’s RB-57D Martin jet bomber, above, shows the new craft in formation with the 
smaller B-57B (rear). The new version will be used for high-altitude reconnaissance. The Air Force's newest long-range 
all-weather Republic F-105D, below, can carry a variety of armament including the A-bomb and the M6i “Gatling” machine gun 
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Defense ighlights: Monthly Review and Outlook 











e Truce of the Bear. Let's not be deceived by any sup issued by two Americans close to 
posedly triendly overtures from the Communists Their mas Murray, tormer Atomic Energy Cor 
er plan calls for a prostrate slave world dominated com sultant to the Joint Congressional Cor 
pletely by atheists Energy, points out that there is not a sound scientih 


And they're doing all right. In the thirteen short 
since the close of World War II, the Communists have taken permanent agreement on a 


They re | 1s, as this would requir 


years for detecting underground tests. He perturbed that 


test ban be 


over 16 nations with a population ot 800, 
sull advancing on many tronts et “historical evidence 


Stalin compla ned, at the close ot the war, th: leaning in the Soviet 
vas surrounded by capitalist-imperialist nations that threat rom the military point of view 
ist that they hief, ter Atomic Support A 


ened its existence. Now their leaders openly bo: 


have surrounded us and that they will bury u e presel was retard! 
So remember 


the time ot th 


Members 


e The Space Race. 
‘ t t 100 irther conhrmed stro ita . sees :pons is 


( 
Medaris and Dr. Wernher vor 4d Command. Sandia Base, N. Mi 


space vehi e tk 


statements by Maj. Gen. |. B 
Braun, commander and chief scientist, respectively, of the 
Army Ordnance Missile Command. Both warned earlier of e New Space Probe.—The draw 
the United States lag in space exploration when a Russiar 


t ~ 
rocket hit the moon: both stated that the United States could 1osphere this November 


spend effective hiity per cent more in our space effort \jax boosters, a 


Said General dat You always reach a point of op Sergeant 


1 funding M re extra money 1s nothing but waste but 


re only mut f per cent of the way to optimum fund 


ved, “We have the brain re resources, 


the capability, but we are hampered by conunuous evalua 


trons, yustifications, and rejustifications instead of | rogressing 


In our de velopm« nt of space projects 
heft that we niver t Michigan 


In military missiles, the two men expressed beliet 


are on a par with the Soviets, a view also stated by Dr. H. I 


York. Dr. T. Keith Glennan, head of the National Aero ¥ peak altitude of th 


nautics and Space Administration, reiterated the warning he 


nal instrumentation 


has long been ISSUING; namely that the United States is at 
least a year behind in launching rockets of great thrust e Command Changes. 
has received his third star, 


e Nuclear Ban Problems.—<As international discussion on —_ pouring in from many A.O.A 


testing of nuclear weapons drags along, warnings have been H. Hinrichs. At the same tim 
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Ordnance Missile Command, retires 


Army 


with the good wishes of his many friends in the A.O.A. 


De puty at the 


The Marine Corps will welcome a new Commandant 
when Maj. Gen. David M. Shoup takes command of the 
Corps on January 1, 1960, with 4-star rank upon the retire 
ment of Gen. R. McC. Pate, the present Commandant. 
Wilfred J. McNeil, who resigned 


recently as Comptroller of the Department of Defense, served 


e Defense Spending. 


in that capacity since the position was established in 1949, 
having retired as a rear admiral in the Navy Supply Corps 
in 1947. From his years of experience, Mr. McNeil predicted 
that defense spending would continue at the same rate but 
with some changes of emphasis. 

He estimated that maintenance and operating costs will 
decrease as missiles become predominant over aircraft and 
that there would be further personnel cuts—the equivalent 
funds going into more sophisticated weapons. He stated that 
the Government should support a strong military posture 
even though cold-war tensions may ease and noted that, 
although military personnel cuts will probably be small, a 
reduction of 100,000 men would make half a billion dollars 
available for weapons. 

e Military Space Projects.—Military space projects that 
reach advanced stages of development are being returned to 
individual service control by the Defense Department’s Ad 
vanced Research Projects Agency. The agency will devote 
more of its efforts to long-range advanced research, such as 
solid fuels, new defense tec hniques, and specia! purpose ma 
terials, and turn over engineering developments to the serv 
ices in an earlier phase than heretofore. 

Dr. H. F. York, Director of Defense Research and Engi 
neering, announced the projects to be turned back to the 
services—proyects on which they actually have been doing 
the immediate supervision. For the Army these are: the Notus 
satellite-borne communications system; for the Navy, the 
Transit satellite-borne communications system; and for the 
Air Force, the Midas ballistic missile early-warning satellite 
and Samos (formerly Sentry) reconnaissance satellite. 

The joker in this about-face is that each service will have 
to justify the funds for these projects that have been sup 
ARPA 


may have to decide, within its economy budget, whether a 


previously by 


ported money. Thus the Air Force 
satellite early-warning device is more essential to the Nation’s 
defense than some other means of detecting enemy ballistic 
missiles 

Also in the “turnaround” the Air Force will be made pre 
dominant in space when it takes over, as planned, responsi 
bility for development, production, and launching of military 
space boosters. The plan does not include the Saturn launch 
ing rocket of 1.5 million pounds’ thrust. Saturn, not now 
applicable to military use, will become the responsibility of 
the NASA if Congress approves transferring Dr. von Braun 
and his team to that agency. 

Ihe Navy proposes a more drastic approach to coordinat 
ing space projects than announced by Dr. York. It would 


establish a unified command on military space development 
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under the Joint Chiefs of Staff encompassing all research and 
development centers, test launching centers, and missile 
ranges. Each service would make requests on the command 
for the equipment and other assistance required by missions 
assigned by the Joint Chiefs. 

Thus the American space exploration pot boils while Rus 
sian efforts gather momentum: “Merge the Army and Air 
Force in order to unify missile programs,” says a congres 
sional committee; “Merge all three services and give it all to 
us,” says the Air Force; “Leave us alone,” says the Army; 
and “Give it all to the Joint Chiefs,” says the Navy. 
Ordnance dis 


Although Army 


at the Forty-first Annual 


e Rifleman’s Progress. 


closed nine of its new 


Meeting of the Association at Aberdeen Proving Ground, it 


Ww cape ns 


has others, more revolutionary, under study, One of these, a 
rifle cartridge that will fire two or three bullets from the 
muzzle in tandem with a slight spread, was initiated in 1952 
by Melvin M. Johnson, Jr., a well-known rifle expert. 

Several light rifles of caliber .22 or larger with initial 
velocities up to 4,500 feet a second are being tested. Ther 
is also a constant effort to utilize new lightweight alloys in 
all weapons 

e Boron Fuels Canceled.—The background of the Navy 
and Air Force decision to cancel the development and manu 
facture of boron aircraft fuels is now being revealed. The 
decision was affected by the fact that this high-energy fuel is 
highly toxic to personnel, both in manufacturing and in 
handling. It also was discovered that an expected reduction 
of the cost of the fuel in large quantities did not materialize 

It was learned that a new approach to increased fuel 
energy by the addition of extremely fine powdered metals, 
more effective. These 


to be 


as aluminum, promises 


such 
considerations, plus the added fact that boron fuels were 
giving only moderate improvement at subsonic and super- 
sonic speeds, resulted in the cancellation. 

The Navy also was pursuing the possibilities of boron 


fuels and has canceled its contract with Callery Chemical 


Company but put its production plant t mporarily in stand-by. 


Since large sums have been spent in this venture, Congress 
is demanding that other uses for boron fuels be developed 
immediately. 

e Troop Transportation—The Army has proposed that 
more troops, their dependents, and light equipment be au 
lifted to and from overseas assignments. It points to great 
savings in the pipeline in man-days and in food and accom 
This 


\ir Transport Service which is 


while awaiting transports. move also is 


Military 


struggling to keep an adequate number of aircraft in opera 


modations 


favored by the 


tion and ready in case of another “brush-hre” war. 
The Military Sea Transportation Service is concerned in 
that it might have to take ships off its active list. These essen 
tial logistic support forces are under continuous fire from 
their commercial counterparts which claim, without thought 
of the defense needs of the Nation, that the military transpor 


tation activities duplicate scheduled services 
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No Time for Haltway Armament 


An Editorial 


F you were among the nearly 5,000 members who were 


at Aberdeen Proving Ground on October 8, 1959, for 


the Association’s Forty-first Annual Meeting, you will 
get the full import of these remarks. If you were absent, pos 
sibly you will sense, in some measure, the lessons that mem 
orable occasion taught This observer, who has not missed 
an Aberdeen Meeting since the start forty years ago, saw 
ample evidence to justify a deep sense of pride in the Ord 
nance Industry ac hie vement in mode rn weapons and weapons 
systems. 


At the 


“there is more here than meets the eye” and that, despite the 


same tr there was an equally deep teeling that 


progress show n, our hyghting Army is by no means as strong 


as it should be. The Aberdeen showcase was replete with 


modern applications of today’s firepower. But how much of 


\ 
it do we have ready to meet the threats to our security and 


peace—notwithstanding the smiles and quips of our visitors 


trom overseas’: 


oe : there was the program 
the like of hich the 


whi great 


of tests and demonstrations, 


Ordnance research center at 


Aberdeen has not equaled in four decades. Every item on the 


long and impressive list reflected the competence ol the 


| 


researchers, the developers, the producers, and the logisticians 


of the Ordnance ( ss of the Army. aided at every turn by 


Or} 


their Opposite numbers in industry. 


The up-to-date designs of conventional weapons, vastly 


more powerful than their predecessors of a short three years 
and dependability of such 


An 


illustrated account of the tests and displays is presented on 


ago, packed firepower, mobility, 


proportions as to give pause to a would-be opponent 


pages 405 to 409 ot this issue. 


All skill 


method was proof that time and money have not been lost 


told, the evidence of engineering and novel 
in the appraisals of armament ideas and in the translation of 
those ideas into workable instruments of defense The Army, 
the Ordnance Corps, the other technical services of the Army 
and American industry, all 


which shared the responsibility, 
are entitled to sincere congratulation, appreciation, and 
thanks. The Ordnance Association here records these senti 
ments on behalf of its 43,000 members. This was an occasion 
for satisfaction that one of our Nation’s greatest responsibili 
ties is in good hands. 

But at the same time there were undertones of deep con 
cern. How much of this great array of modern weaponry 
do we have ready in our much-heralded “Arsenal of Demox 
racy’? Have we sufficient of these rockets and rifles, these 
airborne fieldpieces, these missiles, these rolling fortresses, to 
replace the now-antiquated gear of World War II vintage? 
Or is this a showcase of samples—what we can provide if 


given a year to eighteen months of time? We are living in 


an age when instant readiness is essential 


then can we, in conscience, count on arm 


men with weapons and weapons systems to detend 


against cralty antagonists who are not losing ume or 


effort or squandering money on will-o 


arming to the teeth with modern con 


weapons? It is folly to reduce 
] 


while we spend our lar 


national 


gesse « 


is OF our economy 


Dake just one item Ol Army weap 


We 


rescear©re h 


tht semiautomatic rifle M14. have pert 


ilter vears of painstaking ind e! 
ited production. But, at the present 


re , , 


ji€é if is @€a 
ana Re ert 


next ten years o7 


| lit 


dangerous conditio 


more. 
blind as bats wher 
on his own t 
War II, ha 

vith the other 


the Ar 


Sarma 


topes ga eves ol 
nopes are Irn 1 to di 


with us, nor is it peculiar to our generat 


e history of the world 


mans insatiabie desire ! 


or 


that that millen 


li Manaln 


xperience has shown over 


a conseg ] 


1 
creates the searcl protection a 


tvrants who are smart enough to 


the and, thus armed, to 


p 
after another against unarmed, 
ing peoples and states 


Che 


Irdnan 


great lesson of the Forty-first nual Meeting 


Association at Aberdeen is twofold 


what the Army and industry have attained: (2) conc 


Phe 


ican people in the world atmosphere of 1959 will me 


er 
our arsenal of these new wonder weapons is bare 
great peril their duty to see to their defense. We should 
—not disarm! 

When 
World War I, the American people were hesitant to kee] 


the Ordnance Association was organized after 


our weapons ready—in quantity and to meet 


A.O.A, 


allowed to become depleted and out of date, and our peo} le 


quality 


possible enemy. Despite insistence, the arsenal was 
paid the price in blood and in substance. Now is not the time 
to shortchange the citizens of the United States or the Army 


WW ith halfway armament 


then 


wasting 


l 





Vice Adm. John T. Hayward Addresses Reames ME: tin 
Florida Post Meeting At Eglin AFB ‘30: Ca B.S. Larson, Asin 
e Adm. John T. Hayward, Vice 


planning and management of researc! nance; Col. William Gurnee, Jr., Ofte: 
hief of Naval Operations for Develo nd development for the He out \ssistant Secretary of the Army ( Logi 
ment, was the guest speaker at a meeting lined briefly the 
of the Florida Post on July 6th. A sizable Chief of Naval Operations, tl 


relationships among the tics) ; Col. Lloyd E. Johnson, Deputy D 
= mater rector, Logistics Plans, Office, Deputy 


Bureaus with their own laboratories, and ) aff, Mate 


crowd was on hand at the Eglin Air riel, Department 
Force Base Officers’ Club for the recep the Office of Naval Researcl len V. Gibson, Direct 
tion and dinner. Col. Harold J. Crumly Admiral Hayward stressed ;t 


as presiding officer dispensed quickly witl spread support 


Requirements P 
the Navy ecely I mice, ssistant Secret 


Maj. Gen. J. W. Kelly, commander, Air Proving Ground Center, left, and Col. 
Harold J. Crumly, Post president, right, confer with Vice Adm. John T, Hayward, 
Vice Chief of Naval Operations for Development, guest speaker at Post meeting. 





A.O.A. Officials Meet in Washington 
To Organize New Logistics Division 


ment consultant 


American Ord 
Army-Navy 
14t 
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gineering 
lated equipment 


sideration by 


Syracuse Chapter Has 
Season Of Renewed Activity 
\fter Its Reorganization 





Powder Metallu rgy Section Arranges 
Plant Visits By Ordnance Engineers 


On tour of the Dixon Sintaloy plant were, left to right: Henry Handler, Office, Chief 
of Army Ordnance; E. R. Atchison, New York Ordnance District; Col. Henry N. 
Marsh, A.O.A, vice-president; and K. M. Gleszer, president of Dixon Sintaloy, Inc. 
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Post and Division Activities 





le rit 
. S} it 


»vracuse-Centra 


its Way 


\dgkins, 


— 

chairman ; 
Oberdorfer Found- 
Cal. C. BB. MM. 


ur, second 


poration, general 
Digney, 
-e-chairman ; 
Seym Inc 
Dr Dewey Sandell, 


secretary-treasurer! 


General Clark Analyzes 
Research Contract For 


A.O.A. Post At Hartford 


analysis of an Army Ord 
ntract was presented in 
~f the Hartford- 
\ssociation at 
eting in Hartford, 

14, 1959. The “do 
Gen. Chester \W 


Ordnance 


was Brig 

nt Chief of Army 

ance reseal 
assisted 

his points were 

| 1 

graphs as wel 


all it a 


mi 
suc 


pertorma! 


types as 


pictures brought the research 
> administrative steps 


nclusion for 


Post v in 
nce [he toastmaster was the Post 
nt J. Alan MacDonnell of Gilbert 

Manufacturing Company, West 
Mass. Following the National 

he invocation was given by 

S. Sanders, Chaplain, 57th Air 
Air Col 
Army 
official of 


Force Base 


Division, Westover 
William J]. Crowe, long a 


Ordnance 


Regular 
officer and now 
Arms 


, 
presented a report as 


an 


Savage Company, Chicopee Falls, 
secretary-treasurer 
of the Post, revealing its strong position 


both as to members and finances. A 
résumé of the activities and plans of the 
itional Association was given by Col 
Leo A. Codd, A.O.A. executive vice-presi 
Washington, D. C 


the 


dent tron 
Col 
Payne of Greenfield, Mass., 


Prominent guests was 
Frederick H 


a founder of the 


among 


Association 
He 
the Ordnance 
the First 


Ordnance 


and presently a national director 


with distinction in 


served 


Department Army in 
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World War, 
of President 


division, Eighth 
Air Force Directorate of Matériel; Er! 
Martin, a national dit A.O 
president of United Aircraft C 


was a member of the Cabinet E. Silver, chief, supply 
\ssistant 
tary of War, and returned to duty during 
World War II on the staff of the 


field Ordnance District. 


Hoover as »ecre- 
ector of the 
and vice 
poration, East Hartford, ¢ 
Hurlbut, then 


Springfield Armory and 


In addition to those already mentioned, E. mmanding officer of 
command 


Weapons 


oa ' 1 ' 
» guests at the head table included Lieut. 


\ Smith, chief of operations, ing othcer ot Ordnance 


Ordnance District; Col. Delwyn Command, Rock 





4.0.A. Fire Control Section Meets 
With Destroyer Group At Newport, R. I. 


Dr. Alton D 


iboratories, 


Under 


London, Cont 


Bell, 


Laborato1 7. 


[ » Navy 
New 


being made to reduce 


Anderson, Cook Research | © 
Morton 
Fire Control 


Ordnance Division, p1 


Grove, Ll, chatr- Sound 


in of the Sectio outlined the et 


water the present level in destroyers. The 
vigorous 2 meeting witl troyer fire-« destroyers wi 


Naval U 


day 
Development Group Twi lar described 


I leet, at Newpe 
and lr} 


vater Ord! 


ursday, paper was rt 


Capt. S. B. D. Merrill, Commander, Destroyer Development Group Two, in uniform, 
center, is shown with members of the A.O.A. Underwater Ordnance Fire Control 
Section in front of Project Dash helicopter on flight deck of U.S.S. Hazetwoono 
during demonstration of this antisubmarine warfare system off Newport, R. I. 


E aylor, 
Force, > Atlantic 
B. D. Merrill, ¢ 
Destroyer Development Group Two, wel 
the 


determination to improve the destroyers’ 


‘A Com 


Com 


Commander, par, Inc., Fal ht a., on 
Fleet, 


ommander, 


\dm 


Rear 


Destroyer parison of Digital 


Capt. 5 puters.” 


Guest the session 


speaker for evening 
Adm. Charles E. Weakley, 


commander, Destroyer Flotilla Two, who 


comed conferees and reiterated their was Rear 


on the activities of the destroyer 


large t 


systems by way of a planned — spoke 


weapons 


development program command in protecting mnages ot 


A series of lectures on the critical materials during national emet 


of De- 


technical 
gencies 
On 


current status and expectations 


stroyer evelopmen roup wo ugus 3th, Section members 
t D l t ¢ | \ t 13tl Sect | 


moderated by Captain Merrill. “The In 


creasing Role of the De troye , pre sented 


was 


boarded the U.S.S. Hazet_woop for a 


cruise whicl nonstrated the latest de 


by Comdr. George Ball, stressed the vital velopment in destroyer antisubmarine 


warfare involved in 
Dash—a 


using 


nature of the problems confronting de technique 


stroyer development in 


project 


antisubmarine new weapons delivery system 


warfare a remotely cot trolled helicopter 
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Birmingham Post Members 
Hear General Callahan, 
See Film At Fall Meeting 
Post held 

lutwiler 
irsday 


170 





Executive Board Of Standards And 
Metrology Division Meets In Colorado 


; “ft 


in the fields 





Logistics Division Executive Board 
Holds First Meeting In Washington 


Louisiana Post Members 
Hold Fall Meeting At 
Shumaker Ammunition Depot 


Post assembled 
territory at Can 


eeting on Monday 


under the ’resident 
Stewart Peters 

At Shumaker | members wert 
greeted by Capt : ohnson, U.S.N.. 
commander of t depot, who led them or 
a tour of the rocket-loading and storage 


facilities. From Shumaker, the members 
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Electromechanical 
Components and Systems 
Capability 


AIRESEARCH POSITIONING 
CONTROL SYSTEMS 


One of the many types of high speed 
positioning control systems produced 
by AiResearch, the 
plifies electric signals from an inertial 


system above am- 


guidance source and adjusts the control 
surfaces of the missile or drone to 
maintain a predetermined course, 
AiResearch diversification and ex- 
perience provide full capability in the 
development and production of elec- 
tromechanical equipment and avionic 
controls for aircraft, ground handling. 
ordnance and missile systems. 
—— 


A.C. and D.C. Motors, Generators and 
Controls « Inverters « Alternators + 
Linear and Rotary Actuators « Power 
Servos + Hoists «+ Electrical Pyrotech- 
nics « Antenna Positioners + Position- 
ing Controls * Temperature Controls + 
Sensors + Williamsgrip Connectors + 
Static Converters. 


Your inquiries are invited. 


THE CORPORATION 


AiResearch Manufacturing Division 


Los Angeles 45, California 
SCRE RR 
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responsibilities of the Division, } of Staff, Matériel, | 


ing section chairmen wet " andl fice, Chief of 
L. Lape, 

Motors Service 

vit, Muich., to 

1 Control 
\.1 


erations group, Champiotr 


operations di yr - Comdr. John A. Risser 
GM¢ 1 ronautics ; 


Distribut 


Divisior Brig. Ger 


Stati 


hiets of 
S.A. ( Ret.), Ar 


head the 
Maj. Gen. | 


special consultant 


a section , 
U.S ( Ret 
Paper al 
ny, Hamilton, Ohio, to 


Plans and Requirement 


4 Pace, vice 
ooldridge 


Maintet 


Schwab, vice 


Ramo 
d the 
yhn A 


Frontier Chapter’s Fall 
nia Railroad, Washingt 


Meeting Features Golf, 
ae 


Reception, And Dinner 


discussions 


avoidll 


by 


\.O.A,. Golf Tournament 
Brings Nearly 400 Players 
To Indian Spring Club, Md. 


unde! 


Aircraft Ce 
Williams 


ations 


£0 
OCKI eed 


Calif.; ¢ W 


ufacturing ope! 


lecker 


mpany 


ts Urganizati 


Micl 


roup exec utive 


Aviation Ce 


general chairmat 
s, Everett I 
Motor 


leveland Ordnance 


Cadillac 
GM(¢ 
ilso participated 
did Clifford 
representative 
mpany 
ol ferees vere Capt I 
inger, Office, Vice Chief of Nava 


ia ( Robert T. Fine 
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Powerful all-wheel drive Austin-Westerns 
pass in review at Army grader school 


low 


Modern 
from me 


warfare demands perfection 


ind machines. A high degree of 
military engineering skill is constantly 
required to build and maintain the vital 
roads, air bases, and ground installations 


for U.S. forces around the globe. 


World's largest operator's school 
To provide the trained manpower so 
essential to the accomplishment of their 
military Army 
duct the world’s largest construction 
equipment operator's school at Ft. 
Leonard Wood, Mo 

Here operators train with the finest, 
most up-to-date construction equipment 
available. Included are the versatile 

Austin-Western power graders 

A-W graders are built to outperform 
all others... 
any other single grader on the market! 
And they are dependable; downtime ts 


mission, engineers Con- 


do more types of jobs than 


Austin Western oui: 


BAU DWVIN :- LIMA: 


Motor 


Power graders . 


They are quality built to stay on 


the job under even the most rugged 


A-W de 


Sign assures fast, easy held maintenance 


combat conditions. Simplified 
Exclusive all-wheel steering lets oper- 
ator both front and rear to com- 
pensate for the powerful sidethrust of 
a fully loaded blade which knocks or- 
dinary graders off a straight line course if 
use of their full blade width ts attempted 
All-wheel steering also gives the A-W an 
amazing degree of maneuverability. 


steer 


Exclusive all-wheel drive 


All-wheel drive, another A-W exclusive, 
puts power up front for push-pull trac- 
tion on any type surface. No front end 
dead weight to push around. All opera- 
tions are hydraulically controlled from 
cab—no stopping to make manual 
adjustments, 


sweepers . Road rollers . 


All-purpose Austin-Westerns available 


in 6 and 4-wheel models—wide choice 
of weight classes and horsepower range 

Optional attachments available for 
added versatility. Write us today for 


more information! 


INVESTIGATE! New models of A-W hydraulic 
cranes now available —self-propelled, truck or 


stationary mountings 


YN EQUIPMENT [ 
AURORA, ILL 


AMIL TON 


Hyadr 


cranes 


auiic 
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High score was accredited to J commanding officer, Capt. Charles 

Mlison Division, GM¢ » Who re Gold, U.S.N., who divided the party into 
prize for his efforts to the ac small groups to view operations on the 
ms ramps and at the airfield from which the 


; ‘ompaniment of appropriate noises at t : 
MACHINE a A other golf prizes for various Navy’s patrol bombers cover the north 


were awarded by Norman Pacific barrier, always ot ie alert tor 


BUILDING , y \utonetics Division, North Ameri trouble. In the repair and overhaul shops 


ws 1 ‘ ] . 
lation, Inec., and Golf Committee it was evident that cal crew 


PROJECT? airman, drawing began for the numer were always bu nsuring top-flight 
x ‘ e ‘ 1. 


prizes. This event was directed intenance of tl 
‘Kenny” Hampton of Detroit Diesel 
ine Division, GMC, and chairman « oley, asl rnest Jones, a directot 
Prizes Committee th ost and utive vice-president 
lanks to the cooperation of the many of Skagit Steel on Works, conducte 
rial friends of the Washingtor ros the party o1 1 tour of his plant hey 
assortment of most desirabk 
vas carried off by the holders of the 
numbers. Actually no one left 
ded as all who attended were pr 
a handy travel kit as a sou 
ay. 
Backing up the committee chai 
ready mentioned were H. G. Goodwin. 
{ >. Steel Corporation, chairman for e WALTER F. MUNFORD, 
general arrangements, and W. J. Reed of the United States Steel C 
Westing ouse Electric Corporatio: the anit lone = menbes 
indefatigable Post secretary-treasurer who nance Associatios 
handed all the announcements and September 28, 195 
to his assuming the ecutive vice 
dency and later tl | sider of the « 


Michigan Post Becomes 
Largest A.O.A. Group After é 
Successful Membership Drive sociation’s Clevel 

or ae Mr. Munford 


Che Michigan Post concluded 
cester Mass After 


Polytec 


pany at Pittsburg! 


member and strot 


successful membership drive in its 
on July 31, 1959. There was fierc: 
between the Post's Eas 


] 


lean led, re pectively, b 


Jones Detroit Ordnanc istrict and partn 
Roy W. Huber, Ordnance nl ttomo works 
tive Command ] trative 


\"\ illiam \thar on, i a a auce! 


CONTACT 
EMHART! 


Our booklet “EMHART ... Puget Sound Post Visits . 
Its People and Products” Naval Air Station And e HAROLD SINES \ ANC r 


member of 


gives you a quick Steel Plant For Meeting 2 ah | H 
briefing of our scope. or its Charles 1 


the A ciati a 





Steel ¢ Ire died at Walter Reed 
Puget Sound ter on August 31, 1 had beer 
fifty members member of the Atomic Energy Commis 


the Lit sion since 1955 and was formerly 


tation at idl and asl | of >» executive committee of t 
= Emhart Manufacturing Co ; l, Wash., man of the « ena _— 

I op of tl meeting, on Frid y, “ Studebaker-Packard Corporatio1 
Pg Hartford 1 on As a commissioner, Mr. Vance had beer 


Connecticut he station they rreeted by the especially interested in the industrial ap 
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RECORD TELEVISION 
PICTURES ON TAPE 


AMPEX VIDEOTAPE* TELEVISION RECORDER 


The simplicity of tape recording is brought to closed circuit television 
applications with the Ampex VR-1000B. Picture and sound, or 4,000,000+ 
cycle data are recorded with advantages not available with film or other 
data-recording media. 

IMMEDIACY The picture being recorded —either from a direct or 
beamed signal from the television camera — can be monitored as it is 
recorded. Moments later, when rewound, the tape can be replayed on 
the TV monitors. 

SECURITY You record, duplicate and play back your recording, inde- 
pendent of any outside service. And the recordings can be sent at your 
discretion to any other Ampex equipped facility for playback. 

SAFETY The Recorder can be placed in a safe, remote location, com 
pletely removed from the television camera. The success of the record- 
ing is not conditioned by the safe return of the camera. 

LIVE QUALITY The complete grey scale is captured. Video playbacks 
look “live”. There are two separate audio channels simultaneously re- 
corded on the same tape for auxiliary data or sound. 

SIMPLICITY 96 minutes of both picture and sound can be recorded on 
a reel of 2-inch wide magnetic tape. 

ECONOMY Full color recording can be made on the same tape used 
for black and white, requiring only the addition of a single electronics 
rack. Tape recording is less expensive than any other recording media. 


ULTRA-HIGH RESPONSE 
| .DATA RECORDER The Ampex Videotape Television Recorder is 
| not limited to television recording. It will record electronic sig- 
nals ranging from 0 to more than 4,000,000 cycles/per/sec. storing 

up to a million bits of information in less than 4 inches of tape, 


2 inches wide. 


Graduate engineers, thoroughly versed in government and 


military applications and procedures are available at Ampex to aa 

answer your questions. Address inquiries to Department 304-1. | \ 

A booklet “Advanced Applications” and a technically | + ~ | 
complete brochure “VR-1000B”" are yours for the asking CORPORATION 


934 CHARTER ST.* REDWOOD CITY, CALIF. * EMERSON 9-7111 profess Te 
Offices and Representatives in Principal Cities produ is divisior 
Throughout the World *TM AMPEX CORP 
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PUZZLED 


or 


POSITIVE 


about 


ATOMIC 
ENERGY CONTROLS ? 


Complying with ught atomic energy controls 
is a tough job thar calls for continuing alert- 
ness and know-how. That's why business- 
men with a stake in atomic energy and its by- 
products need positive, dependable guidance 
and help on federal and state regulation and 
control over its commercial, industrial, re- 
search, and military applications 
Published by Commerce Clearing House, 
Inc., foremost in Tax and Business Law Re 
porting for over 45 years, ATOMIC ENERGY 
Law Reports offer sound, essential inform- 
ation about the controlled uses of atomic 
energy for helpful guidance of business and 
its advisers 
Subscribers receive all the federal and state 
rules relating to atomic energy, including 
full protective and explanatory information 
concerning 
ATOMIC ENERGY 
Energy Commission 
CONTRACTS AND 
Labor Relations. Taxat 
ATOMIC MATERIALS, Source 
clear, By-Products 
ATOMIC ENERGY | 
Commercial and Industria 
LICENSES Regu 
Procedure 
HEALTH AND SAFETY, Person 
Aromic Wa fr Trar 
PATENTS, Inve 
INFORMATION 
stricted Dara, Classificari 
INTERNATIONAL ACTIVITIES, Exports, 
Cooperative Agreements 
STATE REGULATION 
AEC ADMINISTRATIVE 


Keeping on Top of Atomic Energy Rules is Easy 
If you need an understandable explanation of 
current atomic energy rules and how they are 
applied, use the handy coupon below to 
request full details about CCH’s ATOMIC 
ENERGY LAW REPORTS. 


PROGRAM, Aromic 
Background Program 


PROCUREMENT 
Special Nu 
SES, Power, Researct 


Military 


Issuance lanion 


tes, Insurance 


CONTROL, Security 


ACTIONS 


COMMERCE CLEARING HOUSE, Inc 
4025 West Peterson Ave., Chicago 46, Ill 


Send us further details on your ATOMIC ENERGY 
LAW REPORTS — no obligation, of course. 


Name & Title___ 





Firm__ 


Address 
Also send details on CCH GOVERNMENT 
CONTRACTS REPORTS. 


OR-1159 


ComMMERCE CLEARING Howse, INC. 
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Bulova fuzes, safety and arming devices, timers and firing switches are designed 
and manufactured to the maximum degree of reliability. 


Bulova’s teams of electro-mechanical engineers are skilled in feasibility studies and 
analysis of parameters which lead to hardware meeting the most exacting safing and 
arming requirements. 


Experience in precision design and manufacture is the Bulova tradition—the Bulova 
capability— it has been for over 80 years. For more information write— 


Industrial & Defense Sales, 62-10 Woodside Avenue, Woodside 77, N.Y. 
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Over 10,000,000 
arming devices 
delivered... 

by 

Bulova 









The Log of the Navy's Polaris 


1958 





In January, just a year after the Navy had announced its plans 
for a Fleet Ballistic Missile, the first Polaris test vehicle was suc- 
cessfully fired. Firings continued throughout 1958. By September 
the test vehicles were close to the final configuration of the Polaris. 
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1 959 Operations Skycatch and Peashooter tested methods 1 Q 6 0 The Polaris is scheduled for active duty in late 1960, 
for ejecting the Polaris...Operations Pop-up and Each of the Navy's nuclear subs will carry 16. Lock- 


Fishhook tested a submerged launcher. In August, a Polaris test heed is prime contractor and missile system manager of a team 
vehicle was launched from the deck of the USS Observation Island. that includes Aerojet-General, General Electric, and Westinghouse. 


LOCKHEED 


MISSILES AND SPACE DIVISION 
MISSILE RESEARCH & DEVELOPMENT ¢ BALLISTIC MISSILE SYSTEMS MANAGEMENT 
ROCKETRY * ULTRASONIC AERODYNAMICS * SPACE INVESTIGATIONS * NUCLEAR PHYSICS 
ADVANCED ELECTRONICS * HIGH-SPEED AUTOMATIC DATA REDUCTION 
RAMJET PROPULSION TESTING 
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Duck in full flight position. 


in airplane. Developed 


New Cleaning Agent 


Power Supply for Subs 
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At Bell Laboratories, Hx 


antenna is beamed 


nside building,at right 


yS a rub 


skyward by 





David Hogg and Robert DeGrasse. The maser amp 
nna, ame tier and Ky ny 18 K at 56 megacy 


ANOTHER STEP TOWARD SPACE COMMUNICATIONS 


The above antenna is part of a new ultra-sensitive radio 
receiving system under development at Bell Telephone ! 


} 
Lad 
oratories 


It has extraordinary directivity. Beamed skyward 


it ignores radio “noise” from the earth 


vet picks up eX 
tremely weak signals from outer space 


The signals are amplified by the latest Bell Laboratories 
“maser” amplifier. The maser principle was first demon 
using gas, by Prof. C. H 
at Columbia University 


strated Townes and his collabo 


Bell 
applied it to the solid state guided by a theoretical proposal 


of Prot. N. Bloembergen of Harvard University 


rators Laboratories scientists 


[heir latest 
traveling wave maser amplifier employs a ruby mounted in 
a waveguide. The ruby is excited to store energy As signals 
pass through, they absorb this energy and are thus amplified 


The device uniquely combines the characteristics needed fo 


practical space communication: extremely low inherent nois 


and the ability to amplify a broad frequency band 


At present the receiving system is being used to pick u 
and measure minute radio noise generated by the atmo 
phere. It also foreshadows important advances in lon 


distance communications. For example, it could extend the 
range of space-probe telemetering systems, could help mak 
n 


possible the transatlantic transmission of telephone and T\ 
signals by bouncing them off balloon satellites—and has m 
merous applications in radio astronomy and radar 


This pioneer development in radio reception is one mo 
example ot the role Bell Laborat 


avories plavs in the purst 
of better communications technology 


BELL TELEPHONE LABORATORIES 


WORLD 


CENTER OF COMM 


NICATIC 
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It takes 
inspection 
to maintain 
perfection ! 


This inspector is checking wall thickness on a 20-inch 
diameter USS National Seamless Steel Cylinder. The 
heavy wall thickness shown here dramatically illus- 
trates the change from the '%-inch wall thickness so 
common a few years ago in the pressure cylinder field. 
National Tube has been a leader in the development 
of heavy wall cylinders, up to 3-inch thick walls, for 
storing gases and liquids under pressures as high as 
10,000 psi. 

If you have a gas or liquid storage problem, you 
‘an count on the strength and dependability of USS 
National Seamless Steel Cylinders. Write to National 
Tube Division, United States Steel, 525 William Penn 
Place, Pittsburgh 30, Pa 


USS ar 


The world's largest and most experienced n 


of tubular products 


National Tube 
Division of 
United States Steel 


»! Division, San Francisco, Pa 


tates Steel Export Company, New York 
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Rocket Sled Record 


\ rocket-powered sled designed 


Arsenal 


record of 1,940 


supervision of Picatinny 


ight class. The recors 
nducted on Army missile 


sile Devel pment Center, 


Rocket sled is prepared for firing. 


nd sled was carry 
ng a fully instru 
New Mexico desert and 
oncrete wall two feet thi 
propellant rocket motors capable of d 200.000 


rocketed along ; iula rack ra 


it smashed 0 it irget 100 f 
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system tl 
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i inching 
ssfully compl 
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Surveill 
truck, o1 


> ground two miles away 





S away was detected 


ORDNANCE 





How to put wings on a warehouse 


Schuyler Kleinhans and Charles Glasgow, Chief Engineers of the Santa 
Monica and Long Beach Divisions, go over air transport needs relating 


to advanced cargo loading techniques with DOUGLAS 
Donald W. Douglas, Jr., President of 
RCRAFT & CARGO TRANSPORTS & M LE SYSTEMS MB SPACE SYSTEMS BBA Vea 
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New Developments (Contd.) hing and possibly the Nike Zeus motors rst aval arm: it to be mad 
il] produced at the Marshall plant of fiber glass—and its use enables 


The set scans a 30-degree sector of « stantially reduced tops weight 


Rocket-Lift Devices 


to zero in on the target The u A $56,000 contract has beet 


battlefield. When the operator hears surtace craltt 


picious sound, he can narrow the radar tubes 
formation can be used for rapid placemet to the Aerojet-General Corporatior 
j tactical measuré us alif., for a feasibility study of t 


developed joint! possible use of small rocket-lift devices as 


mal Research and ‘ t assist to combat trooy 


ee Re a ee ae | eee 


and tl izelti orporatior explored as a means of augmenting ( i W mical ¢ 
tle Neck ] sical ability of the 
nove quickly 


Ss or long 


New Rocket Facilities . still 
Extensi manufacturing and test 
ng facilities for medium and large rocket 
tors of the solid-propellant type were 
inveiled recently at the onghorn Ord 
nance Works, Marshall, Tex. Included ir reaction time, 
he new facilities at the plant, which pro present contract also 
duced explosives during World War II vestigation of various 
and again during the Korean war, are a logistical support 
new building of over 46,000 square feet 
area and two new test stands capable of 
handling rocket motors of the largest cur. SS Terpedo Tubes 
rently planned size Fiber-glass torpedo laun 
rhe rocket motor production facilities launcher assemblies are being | 
at Longhorn are operated by Thiokol tured for the Navy by Apex Fibr lass o speed training in antisubma 
Chemical Corporation under Army Ord Products, a division of White Sewing varfa Pr ry the Raytheon 
nance contracts. Current production in- Machine Corporation. About 600 tul 
cludes the motors for the Falcon (AF), and 20 complete launcher assemblies wil 
Nike Hercules, Lacrosse, and Sergeant be produced. The tubes are for the Navy's 
missiles. It is contemplated that the Per new Mark 32 three-tube her the 





professional 
opportunities 


We offer an academic environment in mid-Manhattan of superior technical 
standards and high professional calibre. The work involves development of sys- 
tems concepts (particularly weapons systems) under prime Government con- 
tracts. Opportunities for rapid and orderly growth are exceptional. 
Our associates already have distinguished records in these fields: 

Electronic Countermeasures; Air Defense Systems; 

Air Traffic Control; Advanced Nuclear Weapons 
Applications; Nuclear Physics; Digital Data 
Processing; Project Program Analysis 

Your advanced degree in physics, electronic engineering or mathematics should he 
backed by demonstrated technical achievement ...a thorough understanding of 
the laws of cause and effect, and sound application of scientific method. 


Excellent Salaries Tuition Plan Three Weeks Vacation 


Inquiries are invited from qualified scientists. 


c.c. DEWEY «a co., inc., 202 East 44 St., New York, N.Y. 
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New Kaiser Aluminum Weldable Alloys 


Aluminum alloys 5083 and 5086 have been developed by Kaiser Aluminum 
for welded structures requiring maximum joint strength and efficiency, 
particularly those subject to impact or dynamic loading. 


Kaiser Aluminum alloys 5083 and 5086 are high 
strength, non-heat-treatable, weldable alloys of- 
fering seven distinct advantages 


1. GREATER DESIGN EFFICIENCY FOR WELDED 
STRUCTURES. 

2. SUPERIOR WELDING CHARACTERISTICS. 

3. EXCELLENT FORMING PROPERTIES. 

4. HIGH RESISTANCE TO CORROSION. 


5. ECONOMY EQUAL TO OTHER 
NON-HEAT-TREATABLE ALLOYS. 


A new amphibious, air transportable and air-droppable 
aluminum armored personne! carrier, the M113, built 
by Food Machinery & Chemical Corporation's Ord 
nance Division, San Jose, California, is shown being 
loaded aboard an Air Force C-124. The M113 was en 


5083 


0 
}— — " 
Tensile Strength (ps 42.000 
Yield Strength (ps 
Elongation (% in 2 
Fatigue Strength ps 
~ Ultimate Shearing 
Strength 
Mod. of Elasticity. ps 
Estimated Welded Joint 
Efficiency 








= 


Typical Prop. of Sound 
Welds (Machined Flush) 
Tensile Strength (ps 

— Rae Leal el 

Yield Strength ps 

Elongation (% in 

Filler Alloy 








Thermal Conductivity at 

Average Coefficient of Thermal Ex 
68°F to 212°F (approx 

Meiting Range (approx 


Manganese 45 


Manganese 
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6. IMPROVED WELD ZONE DUCTILITY. 


7. HIGH STRENGTH IN THE AS-WELDED 
CONDITION. 


These weldable alloys are designed with im 
proved properties for products subject to impact 
or dynamic loading. They have proved, through 
extended testing and on-the-job use by many 
industries, complete reliability under every re- 
quirement imposed upon them 


gineered and developed under the direction of Ord 
nance Tank-Automotive Command U.S. Army to replace 
the steel mode! M59. The hull! of the vehicle is pri 
marily made of Kaiser Aluminum alloy 5083 plate 
extrusions and forgings 


TYPICAL MECHANICAL PROPERTIES OF ALUMINUM ALLOYS 5083 AND 5086 COMPARED TO ALUMINUM ALLOY 6061 AND MILD STEEL 
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FASTER WELDS POSSIBLE 


An outstanding characteristic of these high mag 
nesium-aluminum alloys is their ability to take 
full advantage of inert-gas, shielded-arc welding 
methods. Fast, superior welds and pressure tight 
joints are thus assured. These are the strongest 
A.S.M.E. approved aluminum alloys available for 
the fabrication of unfired pressure vessels with- 
out thermo stress-relieving 

Many military products are now being made 
better at less cost with Kaiser Aluminum alloys 
5083 and 5086. The M-113 track vehicle illus- 
trated in Figure 1 is one example. Others include 
such products as missile structures and skins, 
missile containers, cryogenic tanks, radar an- 
tenna, destroyer gun mounts, crew boat hulls, 
bridges, overhead cranes, flatbed trailers and 
armored and amphibious vehicles 

Available in sheet, plate, forgings and extru 
sions in annealed and rolled tempers, alloys 5083 
and 5086 make possible hundreds of new uses 
for aluminum in military applications. If you 
want further information, we'll be glad to assist 
you. Our staff of specialists in metallurgical re 
search, product engineering and field engineer 
ing is at your disposal. Call or write 
Kaiser Aluminum & Chemical Sales, Inc., 1924 
Broadway, Oakland 12, California. 


FREE ! A Complete Portfolio 


On Aluminum 
In The Defense Industry 


For your information and reference, Kaiser Alu 
minum offers the complete results of its compre 
hensive survey of the uses of aluminum in the 
missile industry — plus data on alloys 5083 and 
5086 as used in cryogenics and other military 
applications. For your free portfolio, write for 
Aluminum In The Defense Industry”: Kaiser Alu 
minum & Chemical Sales, Inc., 1924 Broadway 
Oakland 12, California 
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from real “echoes,” may be cleared from 


sonar scopes immediately should a second 


l simulates al 


target appear. The device 


real maneuvers including dives, varying 


courses, speed chang and torpedo at 


tacks. 


VTOL Craft Tested 
The U. S. Ais 
Western world’s 


iircratt 


ton X-18, the 
vertical take-oft 


90 per cent of Its 


Wing of X-18 rotates 90 degrees for 
vertical take-off or horizontal flight. 


haracteristics 
divertet 
power 


134-WI 
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Technic: Department of 
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ction is made 


The Navy 
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1 unsafe 
used the n l » establish test 
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ntified as safe to use 


devices in explosive at 
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phorus bronze, aluminum bronze, con 


mercial brass, aluminum, and_ beryllium 


copper. Unsafe metals include carbon steel, 


440 


high-speed tool steel, 


Metal 


were 


tool ste¢ l, 


stainless steel, and monel. wheel 


and rod 


safe, while abrasive wheel and metal rod 


metal combinations found 


combinations were unsafe 


Radio Rescue Beacon 


\ lightweight radio rescue beacon for 


use in military aircraft has been developed 


by the Crosley Division of Avco Corpo 


ration. The beacon sends out a signal 


which can be picked up several thousand 


miles away, and rescue aircraft and ground 


parties can home in on its signal. It will 


four hours 
feature of the device is a 


l filled 


blimp shaped 
radio an 


ntinue sending for twenty 
, 

unusual 

balloon that is 

helium and which carries a 


a height of some fifty-five 


he ground. Miniature 
itters begin broadcasting rescue 


seconds after the bea 


he aircraft 


New Landing Craft 


new amphibious full-track 


for the movement of perso 
1s being developed by Jer 


Hazel Park, Micl 


rp under a contract 
of Ships. It is powered by 


Bureau 
Electric 


rss 


1.050-horsepo 


LVTPX-10 


S35 000 


pour 


Lightweight Search Radar 
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ible S¢ 
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flexible and 


Microwave Garnet 
material, the hybrid garnet 


1 unique combination of 
characteristics heretofore unavailable i 


microwave materials, has been developed 


the Motorola 


Phoenix, 


solid state materials lab 


\riz 

material exhibits an extremely 
line width of 30 oersteds at 
a low saturation moment of 670 


gausses, substantially improved tempera 


ture characteristics with a Curie tempera 





VOUGHT BROADENS 
SPACE STUDIES 


The Scout-type research rocket is a pri- 
mary interest at Chance Vought, where 
this company’s Astronautics Division is 
investigating the space-science as well as 
the military potential of such a vehicle 


Potential missions include boosting 
weather, commercial or military com 
munications stations into space. 


Astronautics Division concept studies of 
a passive electronics satellite and a 
reconnaissance satellite are producing 
additional valuable data in new and 
challenging areas. 


Manned payloads for space are another 
major objective. Vought’s work includes 
the man-carrying portion of the vehicle, 
and long-range studies aimed at train 


ing for space flight 


In specializing on crew quarters for 
space this comp inv draws on une quale d 
experience in human factors design for 
high-performance aircraft. As a member 
of the Boeing Dyna-Soar development 
team, Vought already has found this 
experience applicable to space. 


Toward training for space flight, Vought 
has designed an orbital flight simulator 
Ina realistically furnished coc kpit 
family of controls and 
instruments, the space trainee can 
“maneuver” into orbit and back to 
earth. More than 200 such “flights” 
to date 


using a new 


have been made 


Space is the specialty of Chance Vought'’s 
Astronautics Division. Other major inter- 
ests are being aggressively advanced in 
the Aeronautics Division — where atten- 
tion is on atmospheric missiles, antisub- 
marine apparatus and piloted aircraft — 
and in the company’s Electronics, Range 
Systems and Research Divisions 


CHANCE + 


OUGHT 


raexae 


ORDNANCE 





= 


NASA’S SCOUT WILL MARK A TRA/L FOR MAN TO FOLLOW 


Si ut 


Scout is designed to explore paths into space... at Vought’s job is to assemble 
low cost. The inexpensive, 70-foot research rocket will 
go after vital space measurements that require sound- cost and high reliability st 
ing after sounding. National Aeronautics and Space 


Administration scientists will use the vehicle to launch 


its airframe and launching tower 
} 
many of the hundreds. of 

ilre idy has scheduled 
blazed trail, scientists may 


] 


the satellites and probes that measure the ion sphe re 
the way for extended 


map magnetic he Ids and gauge radiation. Chance pave 


beamed Dnt Hint Det etl bre 
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of miles away to 

he unique antenna ; \ F 
" - considerable advance in the state of 1 t ? 

Dual Ejection Seats antenna art. Its immense size is required OFying Gunstock Blanks 


» perform its distant 


\ new rocket propelled aircraft Army On is experiment 
stem, made by the Columbus IVISION antenna will be tower-mounted ot ] hod of drying 
of North American Aviation, Inc., is now 3-story transmitter-! iver stru é r with good results on black-v 
operational or all the Navy's 2) et housing the 262 separ: units making uy nstock blanks slanks were dried tf 
Over-a syster é t is moisture range 10 to 144 


trainer al er cent t 


Witl 


Distant Target Detection 


For centuries 
angles have been 
read directly 

... Now 
they can be read 
photoelectrically 
and the information 
transmitted 
in digital form. 


W. & L. E. Gurley, Troy, N.Y. 


The Gurley Shaft Position Encoder 


Write for Bulletin 8600-O 
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MOTOROLA MILITARY ELECTRONICS CAPABILITIES REPORT 


YING CLG LLL ee ALLL aL 


Dr. Daniel E. Noble, Executive Vice President, Motorola, Inc 


“Dynamic organization...not static...is the key to productive 


use of technical talent in the field of military electronics.” 











Z 


y 
Arthur Reese, Vice President and General Manager 


William S. Wheeler, Vice President and General Manager 
Communications Division 


Military Electronics Division 


Wheeler's Military 


Three field commanders direct day-to-day activities of Motorola’s technical divisions 


Electronics Division concentrates directly on military problems, drawing on the resources of Reese’s Communications 


Division (world’s largest producer of two-way communication systems) and Hogan's Semiconductor Division 


(world’s largest producer of power transistors and leader in mesa transistor development and production). 


Behind this technical task force stands Motorola’s strength in consumer electronics; in an emergency the 


company’s total complex of 18 plants in four states can be converted to mass production of military equipment. 


( AA \ Dr. Lester Hogan, Manager 
\ Semiconductor Products Division 











Of Motorola’s 2,000 engineers and scientists, four out of five work under the dir- 
ection of Dr. Daniel E. Noble, Executive Vice President. One of the three divisions 
under his command is devoted exclusively to military electronics; two others provide 


strong support. Working together, they form a M O RB | | 13) 


‘TPECHNICAL 
‘TASK FORCE 


Officials of the Air Force Flight Test Center at 
Edwards faced a particularly knotty problem. Special- 
ized microwave equipment was required to relay 
telemetry from aircraft in remote areas 

At the request of the military, Motorola rapidly 
assembled the talent and equipment of its tri-divisional 
technical task force. Heaviest contributions to the 
project were made by Motorola's Military Electronics 
Division. But important help came from other sources: 
microwave equipment and vhf receivers from 
Motorola’s Communications Division; specialized 
transistor circuitry from the Semiconductor Products 
Division 

With this swift concentration of technical talent 
drawn from a diversity of company sources, Motorola 
was able to solve a major problem for the Air Force in 
record time 

Few organizations serving the military today can 
so rapidly merge diverse technical talents and produc 
tive Capacities as can Motorola. Its three “task force’ 
divisions, under the single command of Dr. Daniel 
Noble, can be marshalled almost overnight for the 
solution of urgent military electronics problems. Cross 
fertilization of ideas and techniques is the certain result 

The success of this flexible organizational struc 
ture Was again demonstrated by Motorola's partin the 
development of the Project Mercury Space Capsule. 


The Capsule’s command control receiver, developed 


by Motorola's Military Electronics Division, is the 
smallest all-transistorized radio receiver of its type 
available, thanks to mesa transistors developed by 
the Semiconductor Division and miniaturization 
techniques borrowed from packaging specialists of the 
Communications Division. In another instance, 
Motorola’s Semiconductor Division developed the first 


n 


Si mples of a new type ol electronic facsimile pape 


with important military applications 


In an era marked by a chronic shortage of com- 
petent brain-power, Motorola’s strategic deployment 


of its technical resources Is an both 
in the solution of current problems and 
long-range research 
deplovment of manpowel! 
Motorola ts to des 

itary SVStems and equi 

and reliability. Motorola's 
concentr: ym in electronics, its cost-c 
approach to producibility, and its preoccupat 
reliability, are evident in every Motorola n 


uct. from the smallest solid state device to 


complex weapons systems 


For a comprehensive brochure on Motorola 
Military Electronics capabilities, write: Te 
Service, Motorola, Inc., Military Electroni 
820] East McDowell Road, Scottsdale 


(A) MOTOROLA 


Military Electronics Division /cricaco . enoenx . miversioe 


Engineers and Physicists interested in career opportunities are invited to write: Motorola, Inc., Military Electronics Division 
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Sorensen miniature transistorized power 
supplies, inverters, converters 


U.S. Air Force photo 


Last December, a Christmas message from outer space heralded a new era in radio 
communications. 

Coming from an orbiting, 80-foot-long U. S. Air Force Atlas missile, the voice 
was broadcast over U. S. Army Signal Corps designed communications equipment 
We at Sorensen, are proud indeed that a miniature Sorensen transistorized power 
supply was selected as part of this communications equipment. 

Transistorized supplies for every purpose. Sorensen manufactures a complete 
line of miniature transistorized power equipment including: highly regulated a-c 
powered d-c supplies, dc-to-dc converters and dc-to-ac inverters. They are rugged, 
compact and as simple to incorporate into your equipment as an ordinary trans 
former or other ‘‘potted’’ component. They are available in an extremely wide variety 
of input-output voltage combinations and current capacities. Write for complete data 


°° 


SORENSEN & COMPANY, INC. 


Ss Richards Avenue, South Norwalk, Connecticut 


WIDEST LINE OF CONTROLLED-POWER 
EQUIPMENT FOR RESEARCH AND INDUSTRY 


IN EUROPE, contact Sorensen-Ardag. Zurich, Switzerland. IN WESTERN CANADA, ARVA 
IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A.. Mexico City. 


NEREM ‘59 Commonwealth Armory, Boston, Nov. 17, 18 & 19 
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Research Laboratory) and plasma physics 
(the study of the behavior of gases at 
temperatures of thousands or millions of 
degrees), the equipment required is rela 
tively simple and inexpensive 

The same basic techniques also have 
demonstrated a capability of detecting a 
nuclear explosion from thousands of miles 
away. Thus it could be employed as one 
means of discovering violations of a nu- 


clear test ban 


Wire-Guided Torpedo 

The Navy's Mark 39 wire-guided tor 
pedo, developed by Vitro Laboratories, 
resembles conventional torpedoes but 1s 
actually an underwater guided missile 
capable of tracking and destroying its 
target despite countermeasures and count 
eractions 

The weapon is connected to its launc 
ing vesse y vire that 1s paid out 
spiderlike ) he torpedo as it drives 
through the t Operators aboard 
launching essel send electrical 
over tl vire to guide the torpedo 

torpedoes always 


they must 


New Army Transport 
Che YAC-1 Caribou, a ti 


cratt ipable f 


vehicle « 

small but 

cepting thi 

Havilland, General Trudeau said 
Having operated under severe weig 

and other restrictions for some period « 

time, it is particularly gratifying to 

Army in these days of rapidly chi 

Vartare t btau carriers sucl 

Caribou The ability to move 


vith vehi ] 


ORDNANCE 





BORG-WARNER SALUTES 
ITS Ingersoll DIVISIONS 





Kalamazoo Division 


] 
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‘no and 
engineering and pro- 


s of Ingersoll Kal- 
o Division are located at 
1z00, Michigan. North Plant 


ine Street Plant, at right 


In 1884, with a handful of employees and a small fac- 
tory, Stephen A. Ingersoll founded the company that 
today includes four separate Borg-Warner Divisions, and 
the management and operation of a B-W subsidiary. 
During these 75 years the Ingersoll employee force 
has grown to several thousand; manufacturing facilities 
have expanded to seven modern plants with approxi- 
mately 2,000,000 square feet of space; and extensive 
product diversification now serves many industries. 
Ingersoll Kalamazoo Division had its origin in 1937 
when Borg-Warner acquired the facilities of the U. S. 
Pressed Steel Company. Originally producing automo- 
tive stampings, the Division has for many years served 
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the Navy and Marine Corps as design agent, prototype 
development and test activity, central procurement agent, 
and lead construction yard for the production of LVT 
amphibious assault vehicles. 

In addition, Ingersoll Kalamazoo today produces 
rocket motor cases and boosters for the nation’s guided 
missile program; the “Load Lugger,” “Huge Haul” and 
other materials handling products; and a new type mili- 
tary amphibious vehicle designed, developed and engi- 
neered by Ingersoll for the Army Transportation Corps. 

Back of all these products is the continuing Borg- 
Warner aim: “Design it better—make it better”—a tra- 
dition that benefits almost every American every day. 


INGERSOLL [J 
KALAMAZOO 


DESIGN IT BETTER 


MAKE IT BETTER 


BORG- WARNER 
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Rocket Motor Cases have been produced by 
Ingersoll Kalamazoo for many years. The fou 


hoosters and sustainer motor case of the Nike 
Hercules Missile are produced for the Army 
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{4 powerful landing or cor uw weapon, the LA 
was de signed ar d developed Py Inve rso Ay é 
mazoo for the Marine Corps. It has been me 


in two forms—as an amphibtous connie 


and as a personnel and cargo carries 





Recognizing that the achievements of the past are but a guide to the future, the 


Ingersoll Divisions of Borg-Warner reaffirm their continued adherence to the prin- 


ciples established by their founder—integrity of purpose, quality of product, and 


dedicated service. This is the Ingersoll challenge . . . and the Ingersoll promise. 


INGERSOLL PRODUCTS, Chicago, Illinois. Plow and harrow discs 
and coulter blades, pressed steel implement wheels, tractor seats 
and instrument panels, and other farm implement parts; tapered 
discs for truck wheels; formed and deep drawn steel stampings; 
raw and porcelain enameled washing machine tubs and compo- 
nents; porcelain enameled steel sinks and bathtubs; solid fuel 
furnaces; industrial cranes and hoists. 


INGERSOLL STEEL, New Castle, Indiana. Open hearth and electric 
furnace high carbon and alloy steels; soft center plow steels; stain- 
less and heat-resisting steels; stainless-clad steel sheets; forging 
quality electric furnace alloy steel ingots; high speed hack saw 
steels; agricultural flat and formed discs; automotive and tractor 
clutch discs; hand shovels, spades and scoops; lightweight alu- 
minum scoops; stainless steel shovels and scoops. 


INGERSOLL KALAMAZOO, Kalamazoo, Michigan. Materials han- 
dling equipment (Load Lugger System); special vehicles for the 
military; rocket motor cases and guided missile boosters; design 
agents for LVT amphibian landing vehicles. 


REFLECTAL CORPORATION, Chicago, Illinois. (Ingersoll managed). 
Alfol aluminum foil reflective insulation for buildings; asbestos 
insulation; jacketing; KoolShade sun screen; Betocel cellular 
insulating concrete. 


INGERSOLL-HUMPHRYES, Mansfield, Ohio. Enameled cast iron and 
steel bathtubs, sinks and lavatories; vitreous china water closets 
and lavatories; plumbing fixture fittings. 


DESIGN /T BETTER MAKE /T BETTER 


200 S. Michigan Avenue «+ Chicago 4, Illinois 
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Space Projects 


pace project and prog! 
to be sufficiently stable 
though cancellations and reorientation of 
requirements could make sudden changes 
he National Aeronautics and Space Ad 
ministration has planned a series of in- 
rockets 


from Delta, Scout, Vega, Centaur, up to 


creasingly powerful launching 
the giant Nova 
In other words, NASA in its first years 


1! 
Will 


s deve loped 


by the armed services, such as Thor and 


continue to use the rocket 
Jupiter first stages, to conduct its own 
experiments. Eventually the Defense De- 
partment will be looking to NASA for 


the advanced lau now under de 


velopment by that although some 
stages in these rockets be from pre 
ent military missil 

[The Advanced R arch rojects 
\gency directs the Saturn project being 
developed by Arn Ordnance—a_ 1.5 


million-pound-thrust 3-stage launching 
rocket and probably the first big one that 
will be availabk 

Right now ARPA is in the process of 
turning over to the services the projects 
noted in Defense Highlig in this issue 


Midas, Tr 


project 1s part ot 


Samos Courier. 
Che latter ARPA’s 
Notus program for communication satel 
lites that also includes Steer for polar 
orbiting and Decree f equatorial orbit 
ing 

In addition, ARPA continues 


detection fence under 


control of 
Shepherd, a satellite 
development by the Army and Navy. It 
also has revealed recently a program 
designation, Suzano, to develop orbital 


space platforms as advanced bases for 
probing lunar and planetary space 

n other lunar-oriented work, a $150, 
600 contract for studies of the problem of 
soft lunar landings went to the Army 
Ordnance Missile Massachu 
setts Institute of Technology, under a 
$100,000 contract, 1s to design and build a 


Command 


prototype instrument to measure the den- 
sity of plasma (electrified gases) between 
the earth and the moon and particularly 
around the moon 

In the same area, two contracts went 
to the Naval Research Laboratory. One is 
for instrumentation to measure the na- 
tural radioactivity of the moon; the other 
is for a lunar data-acquisition and record- 
ing system 


} 


In engine research, a $390,000 contract 


went to General Electric Company for a 
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study into what propulsion engineers call 
1 “plug-nozzle” engine. Most rocket en- 
gines employ a_ cone-shaped nozzle 
through which fire and exhaust gases 
escape. In theory, the plug-nozzle concept 
“spikes” the conventional central opening, 
and combustion takes place in a ring of 
cells about the rocket’s base 

Exhaust gases would follow the contour 
of the conic-shaped spike in leaving the 
combustion chambers and push away from 
the spiked surface 
tude. The idea 1¢ departure of 
the gases would be self-adjusting accord 
ing to altitude and thereby increase th 
rocket’s efficiency. Preliminary studies 
suggest such a concept could increase 
low-altitude rocket effi 

Plug-noz; 
would be best 
booster stage of luitistas rocke 
successful, the provide infor- 
mation for the scaling of rocket engines 
to the multimillion-pound-thrust category 

The University of Minnesota received 
a contract to build a life-support system 
using plants (probably algae) to gener 
ate oxygen for human breathing on ex- 
tended space flights The | 

, 


is to develop a prototype 


Hughes Aircraft 


awarded a $200,000 con 
sign and constructior 

using ammomia vapor which 
ployed to test Einstein's 


tivity regarding time variatior 


Moon Probe Progress 
Contracts for an instr 
the surface of the moon 


a new rocket engine 
nearly $16 million 
cently awarded by NASA. Und such 


I niver 


cientists at Colun 


contracts, 
sity and the alifornia Insti Tech- 


} 


"1 


nology will collaborate struc- 


tion of a “lunar seismograp! 


Such a “moonquake” detection system 


would provide a firsthand means of study 
ing the make-up and crust activity, if 
of the moon. Informatior 

rock there and details as t 

velocity of meteorites hitting the 
are some of the aims of the project 
sort of information would aid greatly 


the study of other planets as well 


Stable Space Flights 


Interplanetary navigation was brought 


closer to reality with the disclosure that 


outer 


pac 


new 


to 


here as the 


altitudes, 
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The sun tracker provides another “fix” 
or point of reference to eliminate possible 
spinning motion. The sun sensor is lo- 
cated behirid a slit in the afterbody of 


sical 


the reentry vehicle. After the vehicle 


separates from the rocket, the infrared 
system is turned on, and the vehicle 1s 


made stable to the horizon. Then jet 


= 


Ve 


nozzles release compressed gas to revolve 
the vehicle slowly until the sun tracker is 
facing the sun. Once the tracker picks up 
the sun it holds it. 

The sun's rays are optically focused on 
special heat-sensitive materials whose 
electrical resistance changes when ex 
posed. If the vehicle starts to move in a 
spinning motion, this will start to turn 
the tracker away from the sun and the 


eaderanes, 


voltage will change. When this happens, 
the jet nozzles immediately apply a cor 
recting thrust. 

A special computer carried in the nos« 


GEORGI 


cone is at the heart of the system that 
receives the information picked up by the 
difference sensors and translates this in 
formation into corrective action via the 
jet nozzles. 

The movies that were taken during the 
flight were recovered in a data capsule 
that was ejected from the nose cone after 
reentry into the earth's atmosphere Che 


nose cone itself is not designed for re 


Cleveland No-LAP Abrasive covery. 
Sleeves and Expanding Drums, 
Belts, Smoke Hole Cleaners and Lg ap siege 
Abrasive Cartridge Rolls and ss seaiie baa ital ee itor 
Mandrels on wind activity was launched from the 


National Aeronautics and Space Adminis- 
tration’s Wallops Station, Va., and ejecte d 


MEET EVERY NEED a trail of sodium vapor which began at 


an altitude of about 50 miles and extended 


Experimental Cloud 


... in sanding, polishing and c ’ 

: to a peak of about 150 miles. 

cleaning up. In the early morning light it produced 

a huge orange-yellow cloud visible over 

CLEVELAND ABRASIVES a large area of the Eastern seaboard. The 
cloud then drifted inland and was seen 

is Vero Beach, Fla., and as 


give long wear, and their constant as far south ; 


f 
Send for our far north as Pittsburgh and Dayton. 


LATEST FOLDER 
giving complete data. 
SAMPLES gladly Whether the job be great or small, tained they will be better able to study 
furnished of the grit Cleveland Abrasives save time, money wind velocities and directions plus diffu 


and size you desire. and effort. sion in the upper atmosphere. 
The 27-foot Nike-Asp is a 2-stage 
solid-fuel rocket using the Army's Nike 


cutting surface means improved per- 


Scientis yhotographe« he p ‘ ‘non 
formance! Scientists | graphed the phenomenot 


from five stations, and from the data ob 


as first Stage and the Cooper Develop- 
ment Corporation Asp as the second 
TH tas oa a 

E stage. The Nike-Asp has a gross take-off 


weight of 1,550 pounds. The 75-pound 
payload contained about 10 pounds of 
alin eid COMPANY ——— sodium pellets mixed with a_ thermite 


New York City compound, The sodium-thermite mixture 


Sales Offices: 
Cleveland 6201 BARBERTON AVE. + CLEVELAND 2, OHIO Washington, D.C. burned, and the resultant exhaust caused 
Detroit Rochester, N. Y. the vapor trail and cloud. 


Chicago ALL-FIBRE CANS - COMBINATION METAL AND PAPER CANS west Hartford, 
— SPIRALLY WOUND TUBES AND CORES FOR ALL PURPOSES _— Project Saturn 


Los Angeles + 
Plymouth, Wis Abrasive Selection of second and third stages for 
Jamesburg, N. J CLEVELAND CONTAINER CANADA, LIMITED Division g 


~ istage *rojec - ace ve 
Fair Lawn, N.J, Plants & Sales Offices: Toronto & Prescott, Ont. - Sales Office’ Montreal at Cleveland the multistage Project Saturn space ve 
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The Checkout 
that says 


“GO"' or “NO GO”’ 


APCHE (Automatic Programmed Checkout Equip- 
ment) is a solid-state, universal, high-speed, highly 
reliable, compact general-purpose tester designed 
especially for automatic checkout of aircraft, missile 
and space systems and their supporting systems. 
In its various versions (differing in input media, 
APCHE 


fixed, mobile, airborne or submarineborne. APCHE 


size and weight installations may be 


was designed and is being produced as a part of 
RCA’s ground support electronics subcontract from 
Division of General 


the Convair (Astronautics) 


Dynamics Corporation, prime contractor for the 
ATLAS Intercontinental Ballistic Missile. 


The system being supplied to Convair for the 
ATLAS Program includes a console and four rack 
cabinets providing both analog and discrete test 
functions with a resulting printed and GO-NO GO 
indication. As a product of RCA’s Missile Elec- 
tronics and Controls Department, Burlington, 
Massachusetts, APCHE is one of the latest RCA 
developments in the field of military weapon readi- 


ness equipments. 


RADIO CORPORATION of AMERICA 


DEFENSE ELECTRONIC PRODUCTS « CAMDEN, NEW JERSEY 


Tmk(s) ® 


(Pronounced 
“AP-SHE"') 
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\d- 
Agency of the 


hicle were announced recently by the 
vanced Research Projects 
Department of Defense 

\ modified first 
litan intercontinental ballistic missile has 


the 2 


stage of -stage 
been chosen for the second stage of the 
vehicle. The 
Titan is being for the Air 
Force by the Martin Company. The third 
stage will be the Centaur rocket 
under development by the Pratt & Whit- 
ney Division of United Aircraft Corpora- 


Army-developed Saturn 
) I 


developed 


new 


tion and the Convair Division of General 
Dynamics Corporation. 

[The objective of Project Saturn is to 
provide by 1962-1963 an efficient and re- 
multiton loads 


liable for lifting 


into high orbit around the earth and into 


system 


deep space. 

The Saturn's first-stage booster will be 
a cluster of eight H-1 rocket engines de 
Rocketdyne, 


Aviation, 


a Division of 
The 3- 
weigh approximately 
500 


veloped by 
North American 
stage will 
580 lift-off, of 
tons will be propellent fuels and oxidizers. 
It will stand about 200 feet tall, nearly 
Monu- 


ment. A fourth stage, as yet unselected, 


Inc. 
Saturn 
about 


tons at which 


half as high as the Washington 


may be added later for specific missions. 
Che first-stage cluster of H-1 engines 


will be about 75 feet tall, 22 feet in di- 


ameter, and will produce about 1,500,000 
pounds of thrust at lift-off. The modified 
Titan second stage will be somewhat 
longer than the regular 54 feet and will 
be 10 feet in 
fuel as the first-stage booster, it will pro- 
thrust of 360,000 The 
third-stage Centaur will use 2 rocket en- 


thrust of 30,000 


diameter. Using the same 


vide a pounds. 


gines with a combined 

pounds and will be 10 feet in diameter. 
The vehicle will use an all-inertial guid- 

rhis 


cally compensate for deviations resulting 


ance system system will automati 
from loss of thrust should one of the first- 


stage booster engines fail to function, 


Satellite Pinpointed 

The ability of the Army Ballistic Mis- 
sile Agency to pinpoint the time position 
of the IV satellite to 
within one minute in space enabled Proj- 
tar 


Army Explorer 


ect Argus officials to obtain more 
useful data on an atomic blast about 300 
miles above the earth. 

ABMA, an element of the Army Ord- 
nance Missile 


launched Explorer IV as a part of Proj- 


Command, fabricated and 


ect Argus. Preliminary evaluation of data 


collected during the first two Argus fir- 
27 and 30, 1958, indicated 
that the 
ALBEMARLE, was not in 


ings on August 
the possibility 


ship, U.S.S. 


instrumentation 
the 


TEDECO “AVIATION GRADE” 
GEAR CASE ACCESSORIES 


SELF CLOSING MAGNETIC 
DRAIN PLUGS 


Permit convenient, direct, 
visual 
loss of fluid, no special 
tools, no electric gadgets. 
Automatic valve closes 
when magnetic plug is 
removed. Matching drain 


lines available. 


GEAR CASE 
FILLER CAPS 


Precision made of pres- 
sure die cast aluminum 
alloy. Short or long neck 
models, Snap closed, stay 
closed. Snap open, stay 
open. 


inspection without 


THREADED 
OR BAYONET 


ci 
ei; 


A—FILLER CAPS B—BREATHER 
VENTS C—DRAIN PLUGS D—OIL 
SIGHT GLASSES — ALSO LUBRICATION 


JETS, DRAIN LINES, ETC. 
om 


LIQUID LEVEL 
SIGHT PLUGS 


Reflector assures visibility 
even in dark areas. 
Shows median level in 
agitated fluids. Easily in- 
stalled in tapped holes. 


BREATHER VENTS 


Designed with internal baffles against oil spillage and 
with effective metal filters. Conform to aircraft specifi- 


cations. 


Send for our complete catalog with working drawings of all sizes. 


TECHNICAL DEVELOPMENT COMPANY 


305 SOUTH CHESTER PIKE, 


GLENOLDEN, PA. 


proper location to obtain the full effect 
of these Argus shots. 
To thes« 
conducted a study to 
of the 


published by other agencies. 


ABMA 
the ac 
data 


This study 


confirm suspicions, 
determine 
curacy satellite-prediction 
revealed a time discrepancy in the predic 
fifteen minutes with 
regard to the expected position of the 
at the time of the third 
6th. At 


tion data of about 


satellite in space 
Argus shot, due on September 
tempting to reduce this discrepancy, Army 
Ballistic Missile Agency personnel studied 
data obtained 


instrumentation 


and evaluated from an 
ABMA Red 


stone Arsenal by personnel of the Agency’s 


station at 


Research Projects and Computation Lab 
oratories. 

Results of this data study reduced the 
satellite’s time-position error to about one 
minute for the firing time under consid 
eration. These new data showed the U.S.S 
ALBEMARLE to be out of position by some 
200 


was relocated to an optimum position for 


miles, and the instrumentation ship 
the final Argus shot to assist in the cor 


firmation of the Christofilos theory 


Nose Cone Recovery 
The Air 


ered from the South 


\tlas nose ¢one recov 
Atlantic after it 
launched last July 20th was the biggest 


the fre« 


Force 


Was 


reentry vehicle to be flown 
world up to that time. Returned to Cap« 
Canaveral aboard a special recovery ship 
the General Electric-built vehicle was the 
first full-scale advance-design nose cone 
and the 


to travel intercontinental 


first ICBM-range reentry vehicle of this 


range 


size designed to be recovered 
Chis was one of a series of experimet 


cones | to the second-get 


ICBM 
The shape of the 


nose ading 


eration ablating type of opera 


tional reentry vehicles 


vehicle is an elongated cone with a 


rounded nose. Constructed of relatively 
it 1s over 
twelve feet long. Current Thor and Atlas 


heat-sink principle 


lightweight “ablation” materials, 
nose cones are of the 
shic ld 
the terrific temperatures of reentry. 
The 


veloped in 


in which a heat is able to absorb 


was ce 
the Cook 


Company of Chicago, operates as follows 


recovery system, which 


cooperation with 
1. After reentry, a rear cover is ejected 
from the vehicle and a parachute is de 
ployed. 
2. Before water impact a balloon is in- 
flated 
water at the end of the parachute shroud 


which supports the vehicle in the 
lines. 
3. After 


mitter in 


water 
the 
light 


impact, a radio trans 


nose cone is activated, a 


flashing is turned on, and a dye 
marker device discolors the surrounding 
water. Aircraft and ships in the area, 
guided by these location devices, find and 


retrieve the reentry vehicle. 
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How to Test a Solid Rocket Motor 


Thermodynamics, Magnetohydrody- 


In the early stages of research 
for new or improved propellants 
incongruous combinations of mate- 
rials are often brought together in the 
chemistry laboratory—in this case, a 
common drinking straw, a strand of 
copper wire, a small batch of propel- 
lant and a sewing needle. The work 
shown here is a step in an experiment 
to test burning characteristics of a 
new high-energy propellant formula. 
The propellant, having been extruded 
into the straw, is threaded with a 
strand of copper wire. Later the 
“motor” is hooked into a specially 
designed apparatus that ignites the 
propellant and records and evaluates 
its performance. 

~ From the igniting of grams of fuel 
in the chemistry labs to the test-firing 
of huge motors on the 2,000,000 lb. 
thrust test stands at THIOKOL’s Utah 
facilities, research paces and supports 
every phase of the design, develop- 
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ment and production of a rocket 
powerplant. 

Through such research is coming 
the propellant formula that will give 
increased range to our ICBM mis- 
siles, and the tremendous power 
needed for spatial exploration. 

In its Rocket and Chemical Divi- 
sions, THIOKOL boasts one of the 
finest scientific research teams in 
rocketry—an expanding group, con- 
tinually in search of new members. 

For qualified chemists, there exists 
stimulating work in polymer re- 
search, in propellant analysis and 
formulation, in high vacuum tech- 
niques, and through the entire spec- 
trum of high energy fuel. 

Doors are open, too, to research 
engineers and scientists with interest 
or experience in: 

Solid State Physics, High Tempera- 
ture Gas Dynamics, Electronics of 
Rocket Exhaust, Electromagnetics, 


namics, Astronautical Systems 
Analysis, Ion and Plasma Propul- 
sion, Nucleonics, and other phases 
of advanced propulsion work. 
You'll work in areas that are good 
places to live—Denville, New Jersey; 
Huntsville, Alabama; Marshall, 
Texas; Moss Point, Mississippi; Brig- 
ham City, Utah; Trenton, New Jersey; 
Bristol, Pennsylvania. When you 
think of opportunity for yourself and 
your family, think of THIOKOL. Write 
to: Personnel Director at any plant 
address listed above. 


Thiokol ® 
is Research to the Core 


THIOKOL CHEMICAL CORPORATION 
Bristol, Pennsylvania 


Registered trademark of the Thiokol Chemical Corp. for 
its rocket propellant iquid polymer plasticizers and 
other chemical products. 
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HYDRAULIC TRACK ADJUSTERS standard on the No. 977 and No. 955 
—optional on the No. 933. An ordinary grease gun is all that’s needed 
to adjust tracks. Just open the inspection door and apply a few 
strokes. The hydraulic cylinder does the rest. 


SMOOTH-FLOW BUCKET CON- 
TROL LEVER. The inside lever 
is pulled back, lifting the 
load. It locks in this position 
until it is kicked out at maxi- 
mum height by the lift cylin- 
der and linkage. After dump- 
ing, both levers are pushed 
forward. The bucket lowers 
but only tilts back to an ad 
justable, preset digging posi 
tion. Linkage then kicks the 
outside lever, stopping the 
bucket tilt, 








LIFETIME LUBRICATED ROLLERS. They need no lubrication servicing 
until rebuilding. Heat-dissipating oil lubricant is retained by dirtproof 
floating-ring seal. Eliminate on-the-job roller lubrication. Keep ma- 
chines on-the-go for longer periods of time. 


EXCLUSIVE CATERPILLAR 
OIL CLUTCH... the most ad- 
vanced clutch design ever 
offered. Provides up to 2,000 
hours without adjustment. 
This is equal to about 12 
months of “adjustment-free”’ 
operation. And because wear 
rate of clutch facing is so 
slight, down time for clutch 
repair is almost eliminated. 








IN A TRAXCAVATOR 


Whatever tue sop... whatever the conditions... 
there’s a Caterpillar-built Traxcavator to take charge. 
Advance design has given this machine a reputation 
for speed ... efficiency ... low operating and mainte- 
nance costs. For this is a digging and loading tool; 


not a tractor attachment. 


The line is complete. You cet top production from 
three Traxcavators ... the No. 933—52 HP, 1% cu. yd. 
bucket; the No. 955—70 HP, 14% cu. yd. bucket; the 
No. 977—100 HP, 2% cu. yd. bucket. And there’s 
a complete range of quick-change attachments... 
special buckets, bulldozers, forks, the exclusive side 


dump bucket and the rear-mounted ripper. 


Traxcavators are built to last. They have a heavy 
steel main frame, welded into a one-piece unit. Box 
construction track roller frame absorbs the loads and 
stresses of tough treatment. Lift arms are made to 
stand up under the strain of heaviest digging conditions. 

Traxcavators give you fast action and ease of oper- 
ation. Excellent stability and balance give better con- 


trol of the machine. A fast hydraulic system cuts cycle 


time and increases maneuverability even in close quar- 
ters. Visibility is excellent. The high seat puts the 
operator on “top” of the work. Operator’s compart- 
ment is uncluttered. Tractor controls are conveniently 
located for handling ease. Bucket controls are at the 
right armrest...closely spaced for dual operation 


with one hand. 


The reliable Caterpillar Diesel Engine has a fuel- 
saving injection system and ability for hard lugging. 
Each engine is matched to the machine for power and 


bucket size. 


All of these features pay off in top production. 
Let your Caterpillar Dealer help you choose the 
Traxcavator best suited for your job. Get production 


facts and figures. And ask for a demonstration. 


Caterpillar Tractor Co., Peoria, Illinois, U.S.A, 


CATERPILLAR 


are Reg ks of Caterpiliar Tractor 








designers, 
engineers, builders 
of equipment 


for the steel, copper, 


ABTVA-STAMDARD 


brass, aluminum, 
rubber, plastic and 


chemical industries 


and ordnance 


BLAW-KNOX COMPANY 


AETNA-STANDARD DIVISION 
PITTSBURGH, PA. 


CONTINUOUS GALVANIZING LINES + CONTINUOUS ANNEALING LINES + CONTIN- 
VOUS ELECTROLYTIC TINNING LINES «+ SIDE TRIMMING AND SHEAR LINES AND 
OTHER FINISHING EQUIPMENT + CONTINUOUS BUTT WELD PIPE MILLS + SEAM- 
LESS TUBE MILLS + DRAWBENCHES AND OTHER COLD DRAW EQUIPMENT «+ 
ROLLS AND CASTINGS + EXTRUDERS, MILLS, PRESSES FOR RUBBER AND PLASTIC 








MATERIALS PROGRESS 


George S. Brady 





Private Industrial Research.—It often has been said that the 
soundness of our economy rather than initial military might will 
be the determining factor for success in a major war. What we 
get out of the huge defense expenditures that will be of perma- 
nent benefit to the whole economy, therefore, should be some 
measure of that soundness. We refer, of course, only to material 
improvements, since the worldwide training of men and other 
benefits of a social nature are not easily measurable. 

Since World War II, a very large proportion of the technical 
improvements in civilian products has been directly traceable 
to the developments of military research—research which, be 
cause of its great cost, might have been strung out over many 
years if it had not been quickened by military needs 

The 1960 


search and development 


“defense” budget contains $3.38 billion for re- 
This direct research constitutes about 
eight per cent of the total defense spending for the fiscal year, 
but it is not all. Even after a production contract is given out, 
most military equipment is subject to constant design changes 
which stimulate research on the part of the manufacturers. 

It is difficult to measure the research of private industry, and 
the figures given for it are of doubtful value. A recent McGraw 
Hill study of industrial research shows some interesting points 
research, 


The big companies’ figures include only exploratory 


while the smaller companies are inclined to include design, en 


gineering, and technical services, and the figures are not com 
parable 

Drug companies top the list, with six cents of the sales dollar 
going into research, and paper is near the bottom with less than 
half a cent of the sales dollar going for research. But these 
figures, also, are not comparable because most of the research 
on paper is not done at the paper mills but at the plants produc 
ing the materials that go into the paper 

The study also shows why private research is concentrated 
mostly in the big companies. Modern basic research requires ex 
pensive equipment, and the services of a laboratory man cost 
twice as much as they did fifteen years ago. According to Du 
Pont scientists, only one project in twenty ever comes to com 
mercial fruition, and it normally takes an average of seven years 
from the test tube to the product sale 

The research pioneer is often at a sales disadvantage because, 
after he has developed a new material or a new process at great 
expense, even though he gets a patent the basic principles are 
exposed to competitors who can then develop similar products 
with but little more research. 

Educators have been deploring the fact that less than 30,000 
people in the United States, only 0.011 per cent of the population, 
are engaged in basic research. But that percentage is high com- 
pared with the scant few who were engaged in basic research 
problems in the previous century when we made suchstremendous 
advances in chemistry, physics, metallurgy, and in practical 
applications in electrical and other manufacturing 

There already is much evidence that we are unable to utilize 
scientific knowledge as fast as it is now being developed. It 


usually requires a scientist to unfold basic data, but it does not 





Colonel Brady is a consulting engineer, author, and editor, 
Washington, D. C. He ts a well-known authority in the field of 
materials, and his “Materials Handbook” 


of information on the subject. 


ts a recognised source 
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BERYLLIUM FORGING 


TO BRING BACK 
THE MOST PRICELESS THING IN SPACE 


ONE DAY, you'll know his name. 
You'll see it in the big, pulse- 
quickening headlines: The man in 
NASA’s “Project Mercury” cap- 
sule, flung into orbit on a spiral of 
a 

AND, SUDDENLY, his life will become 
the most priceless thing in the black 
void that rings the earth. To bring 
him back, living, safe, unharmed— 
through the buffeting shock waves 
of the ionosphere; through the 
fiery heat of re-entry—this, so 
far, will be man’s highest material 
achievement. 

TO BRING him back safely, Alcoa 
has forged, on the gigantic 50,000- 
ton Air Force press at our Cleveland 
Works, the largest beryllium die 
forging ever turned out for any 
purpose. This forging, produced for 
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The Brush Beryllium Co. from their 
CMV hot pressed blanks, is a disk- 
shaped shield with an arc of 80 in. 
and a chord of 72 in. 

THIS BERYLLIUM forging is designed 
to be the base of a McDonnell Air- 
craft Corp. ‘“‘Mercury”’ capsule. 
Beryllium is used partly to reduce 
weight, partly to withstand the 
shock of re-entry . . . but primarily 
to absorb, diffuse and dissipate the 
enormous heat of atmospheric fric- 
tion—permitting the interior tem- 
perature of the space capsule to rise 
no higher than a safe, maximum 
150°F. 

ARE YOU mildly amazed to find 
Alcoa forging beryllium? You 
shouldn’t be. For Alcoa possesses 
the nation’s largest fabricating fa- 
cilities along with certain know-how 


which qualifies it fully for precision 
fabricating any lightweight metal. 
FOR THE SOLUTION of your sophis- 
ticated metal-working problems— 
in beryllium, aluminum or what 
have you—Alcoa offers, in fact, 
facilities superior to any others, any- 
where. For further information, 
please contact your nearest Alcoa 
sales office, or write: Aluminum 
Company of America, 2031-L Alcoa 
Building, Pittsburgh 19, Pa. 


Your Guide to the Best in Aluminum Valve 


y ALcoaA JG. 
a ALUMINUM 


For exciting drama 
watch “Alcoa Presents 
every Tuesday, ABC-TV 
and the Emmy Award 
winning “Alcoa 
Theatre” alternate 
Mondays, NBC-TV 
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TAILOR-MADE 
PLASTIC TANKS 


AVAILABLE 


to do the work of metal 
without problems of 


FABRICATION, 


WEIGHT OR 
DETERIORATION 





If your business involves gases, chem- 
icals, or liquids, you know the prob- 
lems resulting from conventional 
containers. 


We can truthfully say that SF seam- 
less reinforced plastic tanks lick most 
of those problems. For example, SF 
tanks — 
won't corrode ... won't dent or rupture 
... insulate well . . are fire retardent . . . 
won't conduct electricity. . . can have 
permanent color and identifying marks 
“built in” ...and can be machined, ground, 
or threaded for fittings. Four standard 
sizes can be shipped immediately from 
stock... 6”, 8”, 10’, and 13” diameter. 


It will pay you to call or write Struc- 
tural Fibers now. Whether it’s tanks 
or tubs or parts, we’ll tell you what is 
possible and whether it’s practical! 








structural fibers, inc. 








FIFTH AVENUE + CHARDON, OHIO 


REINFORCED PLASTIC PRODUCTS BY THREE PROCESSES: 
- internal pressure molding 
*matched die molding 
* premix molding 
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require a scientist to utilize the information. This is done by 


the vastly greater number of people in the technical services and 
in production, 
A serious advancing problem today 1s al adequate coordina 


tion and dissemination of research findings. The majority of 


} ] t 


asic research papers which appear in scientific journals and a 
scientific meetings come from researchers in relatively few 
companies. In fact, most of the papers last year were from less 


than ten companies. These papers, in general, are highly techm 


cal and are for other scientists. 


Other large companies get out development résumés by news 


bureaus in more popular style for the trade press which serves 


the manufacturing industries. The past kness of this systen 


has been in the scarcity of technically 1 newsmen capable 


of interpreting the scientific knowledge in usable terms, but it 1s 
the phase that will need greatest development if we are to derive 
maximum benefit from our costly researc! 


With almost the sole exception of the chemical industries 


which are relatively new and have not 


outhful vigor 
a high proportion of basic research discover as been con 


ng from the materials-consuming i 
the producers of the materials. A 
executive answered a query about thi 


know more about our problems than at 


ing to find out.” It is, perhaps, for thi 


Electric Products, Inc., set up for basic reseat 


ceramics an 


Westinghouse Electric Corporation set expensive labora 


tory for research into solid physics of n 


Super Hydraulic Fluid.—In the X-15 mann 


rocket craft, North American Avia 1 ip advance require 


fluid to actuate tl OW steering. TI 
the fluid must not | viscous at low 
temperatures down to minus 65 degrees hrenheit and must be 


ufficiently viscous at elevated temperatur 450 degrees t 


required to 
ressure¢ 


evaporatiotr *h fluid was found or e ma Developed 
by the Cal/tf ia Research Corporati nd tl \ir Force 
fluid meeting specifications is now ing commercialized as 


Oronite 8515. 


Growing Semiconductor Crystals.—Under anot! r For 
research contract the tedious and costly pro of growi 
emiconductor crystal boules a1 ing int hin slices 


! fingnhouse I y pre ss grows det 


een eliminated by H’es 
drite crystals of germanium rapidly in one dit ion in continu 
ous thin strips '4-inch wide. Th iconductor device is thet 
mounted di 


conductors which have superior 1 physical characteristics 


rectly on the strip, and th rip is cut up into semi 


Tantalum Research.—The jureau of Ordnance ha 
given a contract t he Nati uv Re j tion, Car 
} 


Mass., for of tantalum and 


tantalum-tungsten alloys, particul: les and other parts 
of rockets. Flame temperatures at ( r lay reacl 
high as 6,000 degrees Fahrenheit ntalu tungsten alloys al 


ready tested have shown good str 


resistance 
it temperatures above 4,000 degrees 

Some tantalum-tungsten alloys developed by Stauffer-Temes 
11 for rocket motor parts have melting points from 5,430 to 
6,150 degrees and retain a tensile strength of 15,000 pounds per 
square inch at 4,500 degrees. Du Pont also is setting up a metal- 
lurgical development center in Baltimore for research studies 
on tantalum, columbium, zirconium, and tungsten, 

Beryllium Flying Saucer.—The 72-inch saucer-shaped beryl 
lium outside floor of the Project Mercury manned rocket capsule 


was produced for the McDonnell Aircraft Corporation by the 
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We have often observed that people 
who have not had close contact with 
Western Gear Corporation are misled 
by the corporation name into the 
assumption that we are limited to 
gears and gear-operated products 


This is not true, 


Our Systems Management Division 
has at its fingertips a broad choice 
of engineering and manufacturing 
talents and facilities, which are being 
applied to major projects for the 
military and for general industry. 


Systems Management Division's job 
is to represent the customer in coordi- 
nating all facilities and capabilities 
that can be applied to his problems. 


Learn more about the Systems Man- 
agement Division of Western Gear 
Corporation. Write on your letterhead 
for Bulletin 5900-SMD to: 


SYSTEMS MANAGEMENT DIVISION 
P. O. Box 182 — Lynwood, California 
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WESTERN GEAR CORPORATION 





You Get Better Results in 


HEAT TREATING! 


Use the NIAGARA 
AERO HEAT EX- 
CHANGER to con- 
trol the temperature 
of your quench bath 
and you remove the 
heat at its rate of in- 
put, always quench- 
ing at the exact tem- 
perature that will give 
your product the best 
physical properties. 
The Niagara Aero 
Heat Exchanger transfers the heat to atmos- 
pheric air by evaporative cooling. It extends 
your quenching capacity without using extra 
water. It pays for itself with water savings. 
With the Niagara Aero Heat Exchanger you 
have closed system cooling, free of dirt and scale. 
Write for Bulletin 120 


NIAGARA BLOWER COMPANY 
Dept. O-11, 405 Lexington Ave., New York 17, N. Y. 


District Engineers in Principal Cities 


PROBLEMS? 


This booklet is for you! 


This comprehen- 
sive, elaborately 
illustrated booklet 
provides practical infor- 
mation on the use of the 
famous A.C. M.I. Bore- 
scope in various industries, 
for the inspection of inte- 
rior areas or surfaces not 
otherwise visible—together 
with full data on the types 
of Borescope available, 
and on their care and 
maintenance. Have you 
received your copy? 


to American (ystoscope Makers, Inc. 


8 PELHAM PARKWAY PELHAM MANOR, WN. Y 


BORESCOPES 


~ 


a 


Fill in and 
mail today 


Free on 
request 


Gentlemen: Please send me without obligation a copy of 
your booklet on Borescopes. 


Name 





Firm 





Address. 
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materials producers, Brush Beryllium Company and Aluminum 


Company of America. The initial billet, sixty-two inches in 


diameter, was hot-pressed by powder-metallurgy technique by 


Brush. After preliminary machining it was steel-jacketed, heated 
to about 2,000 degrees Fahrenheit, and squeezed in a preheated 
die in Alcoa’s 50,000-ton press into the saucer shape, 80 inches 
in diameter and 3 inches thick, ready for machining. 

Beryllium was chosen because of its high heat-absorption 
ability. It is stated that a rocket reentering the atmosphere at 
18,000 miles an hour at an angle of 2 degrees from the horizon 
tal from an elevation of 75 miles would reach a surface tempera 
ture of 4,750 degrees Fahrenheit. This is an indication of how 
high temperatures generated by air friction at high speeds re- 
quire new materials that will withstand heat or absorb and dissi- 


pate it rapidly. 

Aluminum Model Engine.—The all-aluminum miniature en 
gines for model airplanes, built by Bedford Products, Ltd., Wat 
ford, England, are 
and materials selection applied to ordinary commercial products 
rod which is forged of 


typical of English precision workmanship 
Engine parts, except the connecting 
aluminum alloy HF12WP, are of die-cast LM20 aluminum alloy 
precision-machined. The connecting rod is bored to an accuracy 
of 0.0002-inch, and no bushing is used 
chromium steel pin. The 0.750-inch diameter piston is die-cast 
of LM13 alloy, and the carburetor is cast into the rear crankcase 


It runs on a 5 per cent 


housing. The t:ny engine operates on a mixture of nitromethane, 
nitrobenzine, and methanol, and develops 0.9 bhp. at 18,000 r.p.m., 


driving a model plane at speeds up to 98 miles an hour. 


For weight saving in ship construction, 
built-up 


Lightweight Diesel. 
Rossi, & C., Turin, Italy, is producing large 


marine diesel engine frames from aluminum alloy containing 2.5 


Guinzio, 


per cent magnesium. The bed plates are 1.35 inches thick, and the 


structural plates are '4- and 34-inch thick. Welding is done with 


a 3.5 per cent magnesium-aluminum alloy rod 


Heavy-Duty Alloy.—Kaiser Aluminum & Chemical Corpora- 
tion has developed a “5000 Series” of aluminum alloys for heavy 
duty structural applications that give equal stiffness in beams 
with little more than half the weight of steel. The extrusion 
possibilities of the alloys also give a wider range of shapes to 
eliminate built-up sections. The alloys contain from 2.7 to 5.1 per 
cent of magnesium, up to 1 per cent manganese, and 0.10 chro 
mium. Tensile strengths range up to 42,000 pounds per square 
inch, with elongation of 16 per cent in the soft condition, and up 
to 50,000 pounds per square inch in the hard tempers. Joint 
efficiencies up to 100 per cent are obtainable in the welded struc 


tures. 


Magnesium in Space.—Of the total weight of 1,700 pounds in 
one of the Discoverer satellites, 600 pounds is magnesium. The 
skin and fairings are of alloy sheet HM21A-TS, a magnesium 
thorium alloy which is serviceable up to 900 degrees Fahrenheit 
The 105-inch-diameter fuel tank head, produced by Misstle-Air 
for the Army Ballistic Missile Agency, is made of aluminum 
alloy 5086 and is said to be the largest thick-walled vessel ever 
spun. It was hydraulically spun from a blank 7/16-inch thick 
and 139 inches in diameter, 


Extruded Beryllium.—Northrop Corporation has an Air Force 
Matériel Command contract to develop methods for extruding 
beryllium. The requirement is for extruded parts with lengths 
up to 20 feet that will withstand temperatures from minus 400 to 
plus 1,400 degrees Fahrenheit. The target for yield strength was 
set at 60,000 pounds per square inch. Rigid control of the for 
eign elements in the metal was considered a prime necessity 
Round rods and U channels have been made with yield strengths 
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WRITE AVCO TODAY 


DIYS 


Avco “primes” America's newest peacemaker — Newest weapon in America's atomic 
defense is the Navy’s submarine-launched missile, Polaris. The critical job of making sure the 


Polaris detonates on time and on target was handled by Avco's Crosley Division. Arming and 
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fuzing for the Polaris—like the recent development of the Air Force’s Titan nose cone—is typical 


of Avco’s role in U. S. missilery. MA 


AVCO MAKES THINGS BETTER FOR AMERICA / AVCO CORPORATION / 750 THIRD AVENUE, NEW YORK 17, N. Y. 


November-December 1959 463 








PNT 


i 


NORTHE 
IRDNANCE 
INCORPORATED 


SUBSIDIARY 


NORTHERN PUMP 
COMPANY 


of 


MINNEAPOLIS 
MINNESOTA 


* * *& 


PRIME SUPPLIER TO 
BUREAU OF ORDNANCE 
U.S. NAVY 


You Get Things Done Better 
By Seeing Whats Happening 





BOARDMASTER VISUAL CONTROL 


% Gives Graphic Picture of Your 
Operations in Color 

¥%& Facts at a Glance—Saves Time 
and Prevents Errors. 

% A Simple, Flexible Tool 
Adapted to Your Needs 


Complete Price ‘49”° 


FREE 24-Page Illustrated Booklet DN-40 
Without Obligation 


GRAPHIC SYSTEMS ge tceg hg me 


New York 36, N. Y. 
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% Easy to Use. Type or Write on 
Cards, Snap on Board 

% Ideal for Production, Schedul- 
ing, Sales, Inventory, Etc 

% Compact, Attractive. Made of 
Metal. 400,000 in Use 


Easily 


Including Cards 
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up to 80,700 pounds per square inch, but the ductility has been 


less than target requirements. 


New Insulation—To overcome the temperature limitations of 


pl yratories, Ine 


organic insulating materials, Bell Telephone Lab 
has been experimenting with a new type of insulation for copper 
and aluminum wires. A thin film of copper fluoride or aluminum 
fluoride is deposited on the copper or aluminum by exposing the 
metal to hydrogen fluoride or elemental fluorine at high tempera- 
ture. The fluoride films have good resistance to oxidation and 
strength even at temperatures up to the 


have high dielectric 


melting point of the metal conductor. 


elbow S 


\ new 


and crosses, of the Pfaudler Company 


line of pipe fittings 
Rochester, N \ 


strength of 


Ductile Iron Pipe. 


cast of nodular ductile iron with a minimum tensile 
60,000 pounds per square inch. They are glass-coated for chemi 
to 6 inches 


cal resistance and are in sizes from 1 


Molecule Synthesized.—American P Chemical Cor- 
poration, Los 


phorus mole cule, 


Angeles, Calif., has synthesized a boron-phos 


a phosphinoborine, which it believes may be 


the starting point for the production of heat-stable plastics that 


can withstand temperatures to 750 degrees Fahrenheit. The 


molecule is described as a linear chain of repeating tetracoordi 
nate phosphorus-boron units with molecular weight of 12,500 
Other c« 


search on boron. The 


mmpanies also have been doing some interesting 


boron atom has three -lectrons 


less than carbon, and peculiar combinatio 


} ’ } 


example, wh is combined witl 


woron 

f eiol ter . | leit . 
of eight outer « rons, the resulting m 
similarity of c: two carbon atoms but with totally 


ferent physical properties 


\ new Hi-Mol plastic pipe of 
Aurora, Ohio | 


is made of a igl 
with a molecular weight of about 1,000,000 


High-Density Plastic. 


Carbon Products Corporation, 


density polyethylene 


, 


compared with 27,000 for regular polyethylene. It is stated to be 


the toughest flexible polyethylene so far available and is less 


expensive than 


polyvinyl chloride. The pipe will withstand 


rosive liquids at temperatures to 150 degrees Fahrenheit 


1 


t acking 


stress ct 
Besides it us WW food processi 

applicatior 

etlective Septembe 


of plastic pi 


1 Use | 


ustrial buildings 
Hard Lead Gutters.—The gutters of ; building at Duke 
University are of hard 
\bout 8,000 pounds of hard lead sl! \ ~d, and it was 


lead (lead vit 7 | nt antimony ) 


selected because of its long-time ion resistance and non 


staining of the limestone. 


New Wrought Iron—A new Mn wrought-iron of t 
Byers Company, Pittsburgh, Pa., is highly 


carbon and low phosphorus and containing 


1 impact resistance and | 


cent manga 


nese. It gives higl temperature 


properties than other wrought irons 


Lateral-Impact Extrusion.—For the production of intricate 


Aluminum Company of America engineers 


have been demonstrating the value of lateral-impact extrusion 


shapes, 


aluminum 
The lateral-impact process combines both forging and extrusion, 


and a hub with spokes made from a cylindrical slug with one 


stroke has the close tolerances and the physical properties of a 


forged part. 
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IMAGINATION IN SPACE — sin e Creation, man has looked out on space. 


At first, unknowing and incurious; then with the beginnings of understanding: now 

free and able to explore. Yet to move in space ¢ alls for wholly new conce pts ol ene rey. 
his, then, is the working philosophy of Hercules in chemical propulsion: 

To design and manufacture highly concentrated packages of energy 

as prope llants and rocket motors; each compatible, controllable, predic table; 

and each perfected for its specific mission. 
HERCULES’ BACKGROUND: A half-century of creative imagination in the evolution 

of propellants, from shotgun powder to the manufacture of the propellants for all the 

U. S. rockets fired during World War II, and now to space propulsion. Hercules facilities 

today encompass research, design, engineering, and staff organization for the production 


of the most advanced propellants, Illustrated brochure available on request, 


HERCULES POWDER COMPANY 


900 Market Street, Wilmington 99, Delaware 
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be a 


BACK IT UP 


SWING IT AROUND 


They leave 
their wheels behind... 
trailers ribbed 
with sturdy 
Flynn extrusions 


Like other modern railroads, the New York Central 
carries truck trailers. But they don’t take along the 
wheels. For their truck-train arrangement, they use 
Flexi-Vans. These advanced trailers slide off their under- 
carriages and onto special Flexi-Van railroad cars. At 
their destination, they shift onto a new set of wheels. 
Result: more payload per pound carried. 
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Strick Trailer already has manufactured 300 special 
Flexi-Van railroad cars and 1,000 Flexi-Van trailers for 
the New York Central. For sideposts, top rails, and 
bottom rails, they use extruded shapes of Flynn alumi- 
num. Although these parts are lightweight, they provide 
the strength and rigidity necessary to make up for the 
absence of a fixed undercarriage. 
ORDNANCE 














Flynn’s advantages go beyond the ability to turn out | ALUMINUM™ | 
extrusions of maximum strength and minimum weight 
... in large or small quantities, stock or custom profiles. MICHAEL FLYNN MANUFACTURING COMPANY 


Flynn has a reputation for reliability. For, fast, Main Office & Plant Aluminum Division 
- ° ° - ° ° 700 EAST GODFREY AVE., PHILADELPHIA 24, PA Tel.: Fidelity 2.5500 
as-promised deliveries. For strict adherence to speci- Sales Offices ' 
. ny 51 EAST 42ND STREET, NEW YORK 17. Nv. Y Tel.: YUkon 6-6020 
fications. You can rely on Flynn. 937 RADCLIFFE ROAD, TOWSON, Mf Tel. VAlley 3-2090 
672 SOUTH LAFAYETTE PARK PLACE, LOS ANGELES 57, CALIF Tel: OUnkirk 7.3183 


Write today for ideas relating to your own product. 4232 HERSCHEL STREET, DALLAS 19, TEXAS Tel.; LAkeside 6-8757 
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Electromechanical 
Components and Systems 
Capability 


AIRESEARCH 
MOTORS OPERATIONAL 
-425° 10 +600°F 


Specialized aircraft motors developed 
by AiResearch operate at temperatures 
125° to +600° F. ambient. The 
range of this compact, lightweight, 
H.P. motor is — 65° to +600° F, 


AiResearch diversification and expe- 


from 


rience provide full capability in the 
development and production of elec- 
tromechanical equipment and avionic 
controls for aircraft, ground handling, 
ordnance and missile systems. 


————— 


A.C. and D.C. Motors, Generators and 
Controls « Inverters +« Alternators « 
Linear and Rotary Actuators * Power 
Servos « Hoists « Electrical Pyrotech- 
nics « Antenna Positioners « Position- 
ing Controls * Temperature Controls « 
Sensors « Williamsgrip Connectors « 
Static Converters. 


Your inquiries are invited, 


THE CORPORATION 


AiResearch Manufacturing Division 


Los Angeles 45, California 
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Hypervelocity Gun. 


) 
SO. issued .iprt 


ark lid portion 
vention relates ‘ linder which form i h as from behind the shear pro 


a compression Chamber 


absorber for a hyperveloetty gun. 


jectile holder, thereby making use of all 


the gas possil 


re 


\s shown in Figure 1, the hyperve- High-velocity guns according to this 
locity gun 10 comprises a caliber .50 invention impart locities of 10,000 to 
11, a caliber .30 gun barrel extension | 15,000 ft projectiles whicl 


l th caliber . enables ¢ netration of small 
a cylindrical cont iT particl ing around 24,000 ft 


19 connected xr more made | secondary tragments u 


barrel sec 


and a vacuum test chamber 


to the end of the caliber .30 gun barrel the splash produced he impact of a 


projectile 12,000 ft./sec 





l he vel 
produced 
is much 


jectile 














tioned 


nto the 


Fig. 1. Details of hypervelocity gun. 


shown 


provides 


and to reverbera 


purpose of int 


corresponding wossible sea 


caliber .50 gun barrel ditions, at ipensated 


15. Situat from craft 


} 


Mine Firing Mechanism. 
> ) : 


1 April 
ears . 
When the 


s driven down the caliber .50 


compression chamber 


helium gas until tl projectil anisn lectromagnetic-induc 
from the projectile gnetic 
continues across the compressiot the mine and in 
er and « xpet ds its energy by detonation by 
deforming itself is extremely re 
com 


pressor 


projec tile 
connector 


mber provided 
pist mn urce I Tics energy 
without di 


the 


In this manner the 


kinetic 


gun barrel or 


is only suffi 
energy current to be applied 
connector sweep W periodically for 


periods of time 


short 
Che tapered end of the barrel extensiot 





pl 


ovides a 


piston energy absorber and In the present invention, the mine-firing 
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What makes a good terminal block ? 
Two things. One is quick connection. 
The other is absolute dependability. 
You get both in a Twin Lock Terminal Block. 


Plug in the terminal lug and the 
connection is made and locked. One 
twist of the set screw and it’s double 
locked. Fast? It’s done in seconds. 
Strong? It takes a hundred pounds 
of force to pull a lug out of its socket. 
Positive ? it has the least resistance 
of any mechanical connection. 
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HEAT in military applications 


for mobile and portable shelters 


Hunter Heaters are designed and 
manufactured in conformity with military 
specifications for space, equipment and 
personnel heating in ground support systems 
for missiles, radar, microwave, monitoring 
centers, etc. Five basic Hunter models 
are available currently, some multi-fuel- 
burning, others which burn any type 
gasoline, each custom-engineered to 
specific requirements for the area of end 
use. Model range is from 15,000 to 
60,000 BTU/Hour output, all 
air-circulating, all thermostatically 
controlled, all designed for 
cold starts as low as —65°F. One of 
the current models is .. . 


MODEL UH-68 


Produced in con- 
formity with mili- 
tary specification 
MIL-H 11511B @ 
60,000 BTU/Hr. 
output ® multi- 
fuel burning @ 
designated “spec” 
equipment in 
Corps of Engineers’ Expansible Body 
Program, AN/GPQ-T1 Air Force 
Trainer Radar and many other end 
item projects in the GCA category 
® also custom-engineered for the 
Matador Missile System communi- 
cations shelters. 


MODEL DH-73: 50,000 BTU/Hr. @ 
for guided missile ground con- 
trol equipment. 
MODEL UH-73-2: 50,000 BTU/Hr. 
e used in U.S. Signal Corps 
AN/MSG-4. 
MODEL UWH-58-SC-1A: 60,000 BTU/ 
Hr. @ used in $-44, CPN/18A, 
MPS/7, M-109, etc. 
MODEL UH-47-4S: 15,000 BTU/Hr. @ for 
use in small and medium size shelters. 


Engine heaters, instant lighting 
torches, refrigeration and air con- 
ditioning units are other Hunter 
products for military applications. 


MH -167 
“Military 
Torches” 


get these brochures TODAY! | 
for complete detalis 


MH-166 
“Engine 
Heaters” 


MH- 162 
“Space 
Heaters” 


HEATING AND 
REFRIGERATION SYSTEMS 


mechanism includes certain selecting and 
time-delay elements in combination with 
the field-sensing device, so that detonation 
of the mine is effected only when the 
magnetic field continues to change for a 
predetermined period of time, as caused 
by the movement of a steel vessel. 


Proximity Fuze—U. S. Patent No. 
2 882,823. Issued April 21, 1959, to Joseph 
Venke and Ernst Doerpinghaus. Assigned 
to Brinro Limited: This invention pro 
vides an apparatus to be tripped or trig 
gered into operation by variations in in 
frared radiation. In the daytime, an ai 
plane by stopping the light rays causes a 
reduction of the radiation intensity. Dur 
ing the night the approach of an airplane 
produces an increase of this intensity be 
cause of the radiation from its engines 
It is not necessary, even in the daytime, 
for the plane to intercept the sun’s rays 
In any event, the presence of an airplane 
increases or decreases the intensity of 
infrared radiation, and this causes a thy- 


ratron to be operated. 


U. S. Patent No. 


1959, to Earle 


Grenade Launcher. 
883,781. Issued April 
VW. Harvey. Assigned to the Secretary of 
the Army: This invention provides a de- 


vice attachable to the muzzle of a firearm 


2 5, 


barrel which suppresses the flash, reduces 
the recoil, stabilizes the barrel when the 
firearm is actuated, and also is adapted for 
launching grenades without any change of 
parts. 
Gases are bled angularly from the bar- 
! forces and com 
The 


device 


rel to reduce the recoil 
pensate for barrel climb 
blocked off the 
launch a grenade so that the entire gas 
at of the firearm 


may act against the grenade for propui 


are 
t 


gases 


is used to 


when 


pressure the muzzle 


sion purposes 


Stability Control for Aircraft—-U. S 
Patent No. 2 Issued May 5, 1959 
to Richard Kerker and Lincoln A. Martin 

{ssigned to Douglas Aircraft Company 
This invention relates to aircraft having 
ot 


? 885 161 


wings incorporating a high degree 
sweepback, such as in the case of modern, 
aircraft. Such 


ultra-high-speed combat 


airplanes are notoriously unstable longi- 
tudinally, at of 
attack as prevail in landing or take-off 

This unstability has been found to be 
the result of the sudden formation on the 


especially high angles 


upper surface of the wing, near the lead 
ing edge, of an extensive region in which 
the air stream departs entirely from con- 
tact with the wing, returning to the wing 
surface farther aft. This results in an un- 
desirable increase in lift in this region, 
setting up a strong positive pitching mo- 
ment. The present invention solves this 
difficulty by adding a vertical airflow dam 





30523 AURORA RD. SOLON, OHIO 


on each wing. 


. 
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UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS WRITE AVCO/NASHVILLE TODAY 


Avco/ Nashville 


RADAR... 
dishes and pedestals 
by Avco/ Nashville 


Today, radar takes many forms and han 
many different tasks. Construction of 
unit calls for several specialized design 
engineering and production capabilities 


Such specialized c ipabilities are availabl 
Avco’s Nashville Division. At its large pl 
in Nashville, Tennessee, Avco/Nashvill 
specializes in the design, engineering 

and construction of radar antennas o1 

It also offers complete facilities for 
producing pedestals for large radars 


Recently the 1 PS-16 radar antennas 

and pedestals were manufactured by 

Avco/ Nashville. Today, Avco/ Nashville is 
at work on the antenna and pedestal 

the FPS-26 radar, researched and develo; 
by Avco’s Crosley Division, that will stand 
three stories high and be housed in a rador 
about 50 feet in diameter. Also in production 
very small radar antennas for use in the 
Mach 3 military aircraft that will be 
operating in the early 1960's. These use 


Avcomb, stainless-steel honeycomb 


Radar antennas of the conventional rod type 
glass lay-up, and stainless-steel honeycomb 
are all within the proven capability 

of Avco/Nashville’s engineering and 
production facilities. 


Avco/Nashville has the capacity as well as 
the capability for more pedestal and antenna 
work, and invites inquiries from radar 

prime contractors. Write to: General Sales 
Manager, Nashville Division, Avco 
Corporation, Nashville, Tennessee. 











AIRBORNE ELECTRONICS 


.-- includes specialists in the development of systems 
and equipment for aircraft, missiles and spacecraft. 
Their capabilities include extensive experience in min- 
iaturization techniques, weight and power conservation, 


systems design and transistorization. 


* Transistorized Search, Bombing, and 
Terrain Clearance Radar 
* All Weather Radar Toss Bombing 


* Radar Augmenter Beacons 


...comprises three design groups; Radar, Guidance, 
and Ordnance Equipment. eir personnel are special- 
ists in the deve lopme nt of systems de signe d to withstand 
extremes in environment encountered in submarines 
and surface vessels. 

* Elecronic Simulators 

* Radar Course Directing Centrals 


* High Power Lightweight Air Search Radars 


Outstanding engineers and scientists are invited to inquire into opportunities on Stavid’s advanced systems engineering teams. 





These current projects demonstrate Stavid's 
engineering versatility and diversification. 


The first lightweight shipboard air search radar capable of dis 
tinguishing aircraft in formation several hundred miles away 


An airborne search, bomb nav and terrain avoidance radar 
weighing less than 235 pounds 


A sferics system that tracks severe weather disturbance 


2000 mile radius 


A twelve-pound radar transponder for tracking research vehicles 
200 miles above the earth 


High-power air search radars are being reduced from 6000 pounds 
to less than half 


Missile control systems have been shrunk 70% in volume, 60 
weight, and designed for mechanized assembly 


A missile launching silo was completely instrumented in two months 


Anti-jamming techniques are being perfected for advanced radars 


Simulators to train submarine-based missile crews in guidance 
techniques are being produced in quantity 


GROUND-BASED ELECTRONICS 
... represents three major capabilities; antenna de- 


velopment, electromagnetic detection systems, and pas- WATCH STAVID FOR THE 
sive detection of long-range missiles and submersibles. 
LATEST DEVELOPMENTS IN 


® Sferics Locating System 


* Broadband High Frequency, High Power , . 4 ) —? “ne 
p> Lk CAAVYE CACYXCOIUGS + 06 


Worldwide Communications Antenna 


* Missile Beacon Telemetering Systems 


STA VID Engineering, Inc. Plaintield, New Jersey 


A SUBSIDIARY OF LOCKHEED A/RCRAFT CORPORATION 





are you spending 


$4 2300 


for a one cent job ? 


If you're duplicating drawing details, you're 
squandering precious hours of costly drafting 
time. STANPAT, the unique tri-acetate that is 
pre-printed with your standard and repetitive 
blueprint items, cuts time involved from 3 
hours to 15 seconds! Figured at current pay 
rates, this means a $12 job at less than one 
cent... the STANPAT way. Easily transferred 
to your tracings by an adhesive back or 
front, STANPAT relieves your engineer of 
time-consuming and tedious details, freeing 
him to concentrate on more creative work. 


here’s how simple the 
STANPAT method is! 








PEEL 


the STANPAT 
from its backing. 








PLACE 


the STANPAT into 
position on the 
tracing. 








PRESS 


into position... 
will not wrinkle 
or come off. 








STANPAT is available in two types of 


adhesive backs: 


@ Rubber base for standard drafting and 
tracing papers 

@ Resin base to prevent leaching for papers 
that contain oils 


But whatever the application may be, there's 
a STANPAT product for your specific needs 
Stanpat has a guaranteed shelf life of one 
year from date appearing on tab end. For fur- 
ther information and technical assistance, com- 





plete the coupon below and mail. 


STANPAT CO. whitestone 57,N.Y.,U.5.A 


Phone: Flushing 9-1693-1611 


() Please quote on enclosed samples. 
(0 Kindly send me STANPAT literature and 
samples. Dept. 142 





Title 




















ROCKETS AND GUIDED MISSILES 


Alfred J. Zaehringer 





Astronautics.—A full-scale Project 
Mercury capsule was successfully recov- 
ered from the Atlantic Ocean after being 
fired from an Atlas rocket vehicle and 
surviving reentry into the 
9',-foot-long 


subsequently 
atmosphere. The capsule 
was to have flown 2,000 miles, but a fail- 
ure in the booster rocket did not give full 
range. Nevertheless, NASA scientists re- 
port that the capsule was in good condi- 
tion. 

Such unmanned ballistic shots and sub- 
sequent reentry and recovery are impor- 
tant cogs in perfecting the booster-capsule 
combination before man takes a ballistic 
ride. After the preliminary ballistic rides, 
man will go into orbit. 
142-pound 
satellite, went into orbit on August 7th, 
the NASA Thor-Able being used for the 
launcher. The 
150,000-pound- 


Explorer VI, a spherical 


first time as a satellite 


Thor IRBM 


thrust rocket engine served as the first 


with its 


stage. The Able second-stage rocket also 
Chird 


stage was a solid-propellant combination 


was a liquid-propellant engine 
using glass plastic as the rocket case. 

Explorer VI is on a highly elliptical 
orbit. Closest point to the earth (perigee) 
is 140 while the farthest point 
(apogee) is 23,000 Dubbed the 


“paddle-wheel” satellite, it has solar cells 


miles 
miles 


on four arms that opened in orbit to con 


vert the sun’s into electrical 


power for instruments within the vehicle. 


energy 
Each arm has a bank of 50 solar cells 
which produce 34-watt under direct sun- 
light. 

Tests to be performed by Explorer VI 
are to determine environmental condi- 
tions in space and to study the long-range 
propagation of radio signals. In the latter 
tests, the telemetry system is designed to 
transmit signals from nearly fifty million 
miles in space. 

The first Scout  all-solid-propellant 


satellite rocket has been assembled by 
Chance Vought Aircraft, Inc., for deliv- 
ery to NASA at Wallops Island, Va. 
\crojet-General’s Senior is the first stage. 
\n improved Thiokol Sergeant serves as 
the second stage. A Bureau of Ordnance- 
X-254 fi- 
berglass-plastic motor is the third stage. 

The fourth stage is the BuOrd-Alle- 


gany X-248 motor. The Scout rocket was 


Allegany Ballistics Laboratory 





Vr. Zachringer, president of the Amer- 


ican Rocket Company, Wyandotte, Mich., 


is a recognised authority on astronautics, 
guided missiles, and jet propulsion. 





assembled in four months. The 70-foot- 
long Scout is designed to put 200 to 300 
Operational date is 


pounds into orbit 


said to be spring 1960. 
Missiles—An Atlas ICBM _ recently 
was launched for the first time from Van- 
denberg Air Force Base, Calif., over the 
Pacific by a crew of the Ist Ballistic 
Missile \tlas is now con- 
sidered SAC. The first 
\tlas was made 


August 2, 


Division, and 
operational by 
full-powered flight for 
from Cape Canaveral, Fla., on 
1958. The ICBM made its first full-range 
flight, a distance of 6,325 miles, on No 
vember 28, 1958. The first West Coast 
firing was on September 9th 

Atlas is boosted by 360,000 pounds of 
thrust from its liquid oxygen and RP-1 
fuel ) 


(kerosene-type propellants. The 


equivalent of 7'% million horsepower— 
equal to 4 times the power needed to light 
the city of Los Angeles—pushes the 
rocket to a speed of 15,000 miles an hour 
Combat troops aimed the Atlas to a spot 
near Wake Island, some 4,400 miles away 

First shipboard launch of the Polaris 
Navy 
solid-propellant, fleet 
fired U.S.S. Obp- 


SERVATION SOUND 


was announced by the when the 


2-stage, ballistic 
missile was from the 
Polaris, though, is de- 
launched from submarines 


1,000 


signed to be 
under the water to targets over 
miles away carrying a nuclear warhead 
The Navy expects to have the first oper- 
ational Polaris mated to the atomic sub 
marine GEORGE WASHINGTON late in 1960. 

Meanwhile, talked 
about as a potential satellite launcher for 


Poiaris is being 
orbiting 50-pound payloads. It is being 
estimated that about 1,000 Polaris missiles 
will be produced. Each submarine will 
carry 16 missiles, and a fleet of 40 nu- 
clear-powered missile submersibles has 
been proposed. Other missiles would be 
needed for training and spares. It is esti- 


mated that each Polaris will cost (less 
atomic warhead) about $500,000 

Down at the other end of the missile 
spectrum is the Army Redeye. Convyair- 
Pomona is developing the one-man anti 
aircraft weapon under a $6 million con- 
tract. Bazookalike, the weapon is about 
3 inches in diameter, about 4 feet long, 
and weighs about 20 pounds. The solid 
rocket is fired from a shoulder launcher 
and is designed to protect ground troops 
against strafing or low-flying aircraft 
Initial guidance is by optical means; on 
launch, the Redeye is guided to its target 
by infrared. 


Another small Army rocket, the Davy 
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NOTES ON AMMUNITION 
of the 
AMERICAN CIVIL WAR 


By Col. Berkeley R. Lewis 


This, the second in a series of monographs on Civil War armament, is a 
detailed study of the small-arms and artillery ammunition used by both sides in 
that conflict. It contains official lists of ammunition types and quantities, along 
with descriptions, charts, and authentic drawings. Included are service test data, 
with comments on characteristics, plus a discussion on powder manufacture. 


In this precis, Col. Berkeley R. Lewis (Ordnance Corps, United States Army, 
Retired), covers a period of many advances in ammunition—advances which 
greatly influenced military arms and tactics. Colonel Lewis, a well-known 
weapons historian and small-arms expert, is author of “Small Arms and Am- 
munition in the United States Service.” 


TO BE PUBLISHED NOVEMBER 20 


32 pages—45 line drawings $1 to A.O.A. members $2 to nonmembers 


NOTES ON ORDNANCE 
of the 
AMERICAN CIVIL WAR 


By Harold L. Peterson 


The essential information on Civil War weapons, in one convenient booklet. 
Included are comprehensive charts, illustrations, and concise, authoritative text 
giving the performance and military characteristics of the principal small arms 
and artillery of the Civil War. The text is by Harold L. Peterson, a recognized 
authority on American arms and armor who has written several outstanding 


books in this field. 


20 pages—47 line drawings $1 to A.O.A. members $2 to nonmembers 


‘Notes on Ordnance’ and - — — — — — — ee —— — — — — — — 7 


“Notes on Ammunition” are the TO: A.O.A. Book Service, Mills Building, Washington 6, D. C. 


rst two monographs of a series : : ; : ; pe ’ 
fi Send me copies of Notes on Ammunition of the American Civil War and 


to be published by the Ameri- 
eer copies of Notes on Ordnance of the American Civil War. My check for $ 
is enclosed. 


PLEASE C) I am an A.O.A, member ($1.00 for each copy 


can Ordnance Association in ob- 
servance of the forthcoming cen- 
. 


tennial of the War between the CHECK ([] Membership application & dues enclosed ($1.00 for each copy) 


States. Subsequent studies will ONE C) I am not an A.O.A. member ($2.00 for each copy 


cover other categories of Civil 


War armament. 


ORDER YOUR 
COPIES NOW 


November-December 1959 


ADDRESS 


CITY, ZONE, STATE 
* Use appitcation form on page 516 to enter new membership 
order 


| NAME 
| 





TRAINING 
AND TEST 


EQUIPMENT FOR 
AMERICA’S MOST 
} OUTSTANDING MISSILES 


h 
| 





Developed and 
Produced by 


) B54) 5 9-3 2 Ob 


RMAMENTS: 























The A.O.A. Directory 


Ihe Annual Directory of the American Ordnance 
for 1959-1960 is available to members. This Directory is pub 


Assc milation 


lished in July of each year and has been mailed to the national 
and local officials of the Association, members of the Technical 
Divisions, and A.O.A. company members. Other members may 
receive a copy on request. The Directory lists the following 


Members of the Association’s Council 


National Board of Directors and Executive Committec 


Advisory Board 
All Local Posts 


Ofhcers and Directors of 


Members of the National Technical Divisions 


* 
cf 
@ National Officers and 
fe 
® 
® 


Honor Roll of A.O.A. Company Members 


@ Organization Chart of the National Association 


The Directory shows the A.O.A. office held by each individual 


listed and also gives his company affiliation and location. It ts 
available to Association members only. Address requests to 


AMERICAN ORDNANCE 
MILLS BUILDING ° 


ASSOCIATION 
WASHINGTON 6, D. C. 








Rockets & Missiles (Contd.) 





Crockett, has 
tank 
kiloton 
ab to 


weapon 
atomic 


destroy 


would be shoulder 


launcher 


First 


surface-to-air guided 
Ni 


Tartar le a 
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Propulsion 


1 
ews il 


pulsion n 
and 
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1¢ 


annular ring fron 
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place in a ring 
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General Electric 


NASA « 


nozzles are 


ontract 
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Present nozzles 
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ntioned 


his anti 
tipped with a sub 


and 
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would be 
weapon 


0, from a light 


of the Navy Tartar 
missile Was made 
Sounpb off the 
diameter of 


is about fifteen 


bet i’ 
multimillior 
Phe plug, or no 
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protrude s from at 
which tl 


ie exhaust 
combustion tak« 
id the base of the 
] 


e being studies by 


under at 


It is said that such plug 


altitude 


are designed for optimum 


altitude 
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SYLVANIA ELECTRONIC SYSTEMS sss IN RECONNAISSANCE 


...advanced systems for advance intelligence 


As THE WORLD’S CAPABILITIES for electronic war- naissance systems and subsystems to the Armed 
fare expand, early warning and countermeasure Forces. A very large part of Sylvania’s research and 
systems depend more and more on advance intelli- development program is engaged in this work. 

gence. Electronic reconnaissance is the new watch- 


; Sylvania assumes full responsibility in such ad- 
word of the day. 


vanced projects . . . from system analysis, through 
Such systems, if they are to keep pace with offensive research, engineering, production and on into 
measures, demand the utmost in technical research, field engineering, training of operating personnel, as 
development and production capacities. well as supervision and maintenance. A Sylvania 
Sylvania has long occupied a leading position in Systems representative will be happy to discuss 


supplying airborne and ground-based passive recon- these capabilities with you. 


’ oe , : Came) 
Sylvania Electronics Systems 
AD n of Sylvania Electric Products In« \ga2/ 


63 Second Avenue, Waltham, Mass. 
GENERAL TELEPHONE & ELECTRONICS 


November-December 1959 
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ARMAMENT 
ELECTRONICS 
There ave 7.500 dots shown here. 


—_ W. H. Van Vliet 
This is the number of ¢ ngineers in the 


eight divisions of Martin. And 40 percent 





of these—the 3.000 dots in the circle— 


Polar-Orbit Tracking.— It 


it 


] th »p Leiy 
are electronics/electrical engineers. vealed that ARPA'’s tracking 


tion tacilities 


lt is this spect red Base for 


polar-orbit 


capability that cnables Martin to de 


‘ lop 
electronic systems ichich anticipate the 


exracting de mands of the n 


= ; Heaterless Tubes uu! 
vhich require no heater lame 
Ewvampli A Martin electronic may be devel he use 


ain 


MOC) made 


semicond which c; 
ystem known as Master Operations Contro * to emit ¢ Westinghouse sci 
) . } ntis ave discovered that a tiny silicor 
has been a vital factor in the exceptiona performance : ‘ 

7 ectrons whe 
of TITAN. By automatically mul 
ty comparablk 
checking the hundreds of systen hi ‘ nall 1 


ssary type tube 
f semiconduc 

Hight, e heater and vould eliminate 
1 y ' ' ] 

; : ament power! up S ind the he 
of the | a created by the | | 


MOC has removed much - 
from complicated countdown procedures. 
F ° ; Biax.— The 
Ford Motor Cor 
speed operatior 
logical networks 
element, called 
tangular bar of 
Two elements 
logic device, were 
vices may replace 


such as transist 


clements 
llitary and commer 


ment 
1e! 


Nuvistor \ me 
called a “Nuvistor 


} 


w form of vacuum tub« 


is under development 


vy Radio Corpor of America. Th 
company reports that the tube, far 

perior to conventional miniature electr 
tubes, can compete with transistors 


ninated by 
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LARGE CAPACITY FILES | RAPID RANDOM ACCESS / EFFICIENT ROUTINE PROCESSING 





A system with complete files, complete data and complete 
processing . . . to handle all operations. 

It’s a proven fact . . . that of the total work necessary 
to put a missile into the air, a staggering 90% is pri- 
marily logistical and involves the control of many 
individual maintenance parts. This figure becomes 
compounded as the number of inactive, but ready-to- 
fire missiles increases . . . and keeping track of their 











individual needs becomes a herculean task. 


It is clear that an efficient system of organizing, filing 
and searching great masses of data at high speeds, and 
at realistic costs is necessary. The Magnavox Company 
answers the need for “‘discrete”’ unit data record hand- 
ling for both government and industry with Magnacard. 


You are 1?) led to inve stigate and make use of thesé new tech- 


niques... write today for illustrated brochure. 


DATA HANDLING EQUIPMENT BY 


MAaanavox 


FOR MILITARY LOGISTICS AND INDUSTRY 


a) 


: A MISSILES 
DATA HANDLING LER 


THE MAGNAVOX CO. ¢ DEPT. 120 © Government and Industrial Division « FORT WAYNE, IND. 


COMMUNICATIONS 
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FOR AIR AND SPACE VEHICLES... 





The new Variable Increment technique utilized in GEVIC 
provides the speed of an analog computer along with the 
accuracy and flexibility of a digital. 


GEVIC can select any of several increments to correct the 
output carried over from the previous computer cycle. 


The same sequence of operations is used for subtraction, 
multiplication, division, sine and cosine, addition, square 
root, filtering, integration, and differentiation. Any or all of 
these operations can be performed singly or simultaneously. 
The GEVIC design also incorporates a built-in test problem 
which acts as a continuous checkout for the unit. 


The modular construction of the circuits and the core diode 


*General Electric Variable Increment Computer 


Send for free 


illustrated brochure 


Oe 





toe 
Io ® 
: ye +e 
eae ee > 
: i te 
aa bs 
: ‘ 
* 
“< 
- ve; 
ae 
—_ . 
a, 
Te 
» cee 
¥ 
a 
- 
' 
+ I« 
a? 
- “Eis ot? 
- | 
. Pa 
oe 


design offer an inordinately high degree of reliability. The 
cores (made of special magnetic materials) perform with 
a nearly square hysteresis loop in combination with silicon 
diodes operated substantially below their normal rating. 
GEVIC’s small size and light weight makes it ideal for air 
and space vehicles of all types as well as for mobile ground- 
based installations. 

GEVIC represents an entirely new medium of electronic 
computation and is considerd a major breakthrough in com- 
puter technology. 

For brochure and complete details . . . Write Manager — 
Armament Sales, General Electric Company, Light Military 
Electronics Department, Johnson City, N. Y. Dept. 130 


i. EoD 
SEE 2 


GENERAL @@ ELECTRIC 


LIGHT MILITARY ELECTRONICS DEPARTMENT 
FRENCH ROAD, UTICA, NEW YORK 


A DEPARTMENT IN THE DEFENSE ELECTRONICS DIVISION 





Armament Electronics (Contd.) 





The Nuvistor incor- 


elements, 


conductor devices. 


porates concentric which will 
permit miniaturization to a port where it 
will compensate for the negligible heater 
power required. Also, due to the concen- 
tric construction, the tubes are capable of 
high plate dissipation. 

Cornell Aeronautical 


already 


Radar. 


Inc., 


Super 
Laboratory, successful in 
transmitting microwave pulses to a peak 
power of 21 million watts, has received 
an Army Ordnance contract for continued 
research. Present plans are for develop- 
ment of techniques and equipment capable 
of 50 million watts of peak radiated power 
repetition 


at various pulse lengths and 


rates, with an average power of 50,000 


watts. 


BMEWS Antenna.—An 84-foot-diame- 
ter radar antenna, designed for use with 
the Air Force’s Ballistic Missile Early 
Warning System (BMEWS), has been 
developed by Goodyear Aircraft Company 
for Radio Corporation of America, prime 
contractor for BMEWS. The antenna is 
140-foot-diameter rigid 
spherical radome. The antenna system is 
installed at RCA’s Moores- 
facility for testing and evalu- 


enclosed in a 


now being 
town, N. J., 


ation purposes. 


Atmospheric Density—A new device 


for measuring atmospheric density and 
temperature has been developed by Lock- 
heed Aircraft 


satellite guidance systems. As the satellite 


Corporation for use in 
moves through the atmosphere, an air- 


stream rushing through an aperture is 
chopped by a series of whirling blades in 
the device. 

The pulsing airstream strikes a micro- 
phone and produces a tone. The density 
of the atmosphere is determined from the 
intensity of the tone and the temperature 
is determined by measuring the length of 
the pulses 

Long-Haul Communications.—A single 


military long-haul communications net- 


work for all 


will be 


services has been planned 
and effected through integration 


existing and separate 
service The network 
include specialized communications 
as those required by SAC and ADC con- 
integral 
The 


during the 


and expansion of 


facilities. will not 


such 


trol systems or those forming 


parts of weapon control systems 


network will be developed 
next ten years on an evolutionary basis 
and will be under control of the Joint 
Chiefs of Staff. 
IFF.—A new radar recognition set, 
AN/APX-7, has been developed for the 


Navy by Packard Bell Electronics Cor- 





YOUR 


MARKEM FIELD ENGINEER 


KNOWS THE RIGHT ANSWER TO YOUR 
MARKING PROBLEM 


There’s a fast, safe, low-cost way to 
put clear, durable marks on your 
ordnance item or package—and your 
Markem field engineer can give you 
full facts. He knows which Markem 
machine, printing element and spe- 
cialty ink or marking compound will 
do the most efficient marking job for 
you — depending on the size and shape 
to be marked, rate needed, conditions 
the marking must withstand. Dozens 
of standard direct, offset and screen 


process machines ... new Unitized 
Printing Heads to combine with other 


equipment ... special purpose ma- 
chines . . . explosion-proof equipment 
. . « quick-change type for short runs 
. .. thousands of specialty inks and 
marking compounds including MIL 
spec types — are readily available for 
your needs. Get experienced help— 
call your local Markem man. Markem 
Machine Co., Keene 9, N. H. 


eventing industry needs ... for profitable marking ... since 1911 MARKEM]M 
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poration. The set, an integral part of the 
Mark X IFF system, is capable of a peak 
L-band fre- 


power of over 2 kw. at 


quencies. Full power can be obtained up 


to 35,000 feet, with power output auto- 
matically halved for altitudes 
35,000 and 50,000 feet. A 
cooled 2C39A 


axial line cavities with plate pulse modu- 


between 
high-mu, air- 
lighthouse triode and co- 
high-level RF 


lation are used in the 


stages in the transmitter. The receiver 


incorporates a crystal-controlled oscilla- 
tor and gain time control to reduce indi 
cator noise by reduction of receiver gain 


for near-by responses. 
High-Speed Checkout.—A new auto- 
matic checkout system, capable of up to 
10,000 test 
developed by Epaco, Inc. The high speed 


decisions a second, has been 


System incorporates digital computer 
switching and decision-making techniques, 
and is capable of completing preflight 
checkout in a matter of seconds or a com 
plete trouble analysis in minutes when 
ever required 

\n appreciable amount of a device's 


operational life is consumed in testing 


For instance, one interceptor fire-control 
total of 700 hours of 


system receives a 


testing at the airframe manufacturer's 


hours of ground 
flight 


checkout 


plant and an extra 5 


testing before each Therefore, 


speed-up of the system could 
greatly increase its operational life by re- 
ducing test time. 

One feature in the automatic checkout 
equipment is its ability to make dynamic 
performance measurements on servomech 
anisms and.other devices where conven- 
tional static measurements do not satis- 
factorily determine actual circuit perform- 
ance. A similar system is being developed 
for General Electric Company which will 
monitor an atomic reactor. Other systems 
developed, or under development, are for 
AC Spark Plug’s Thor inertial guidance 
system, Convair’s Terrier and Atlas mis 
Douglas Aircraft’s Nike 


siles, and for 


Zeus. 
telemetry 


Missile Telemetry.—A 


tem designed for use in missiles and space 


sys- 


vehicles has been developed by Lockheed 
\ircraft The pulse-ampli- 
tude, frequency-modulated (PM-FM) sys- 


Corporation 


tem incorporates a Lockheed multiplexer 
which is capable of combining 8 chan- 
nels of information, each containing up to 
5,000 bits a second, into a single channel 
transmitting up to a total of 40,000 bits a 
second. If desired, the original 8 chan- 
nels can be divided into 64, 128, or 256 
At the ground receiving station 
the data back 
into the original number of channels. It 


channels. 
a demultiplexer separates 
is possible to transmit four times as much 
information with this system as with pres- 


ent conventional systems. 


ORDNANCE 





EXTENSIVE DOW PRODUCTION 
FACILITIES FASHION VARIED 
NEW MAGNESIUM 


Coiled sheet, thin wall castings, many 
other production items are now avail- 
able from Dow's big rolling mill, foun- 
dry and fabrication facilities. 


alert for im- 
proved materials and production meth 
a quick tour of the 


four Dow plants that turn out mag 


Manufacturers on the 


ods would enyoy 


nesium products. New ways of forming 
and fabricating magnesium now being 
practiced in these plants open up new 


areas of use for the lightweight metal. 


TOOLING PLATE, extra flat, is annealed to 


eliminate residual stresses. 


At the huge Madison, Illinois, rolling 


mill, for example, theyre making mag 


nesium sheet that doesn't require stress 
relief after 


step forw ird in light metal technology 


welding. This is a major 
manufacturers 
Madison has 
width of 


sheet 


and a boon to using 
issemblies 


1 the 
tect hive 


MALnNesium 
\itnitim 


different 


also increase 
sheet to six 
including clevated temperature 
flat o1 


all VS 


allovs, are now available eithe: 


nh coils. 


To keep abre ist of the rapidly increas- 
ing demand for precision jigs and fix 
tures, Madison kee ps a close watch on 
the Dow 


tooling Pypical 


tolerances f 
plate 


magnesium 


flatness toler 


ances, for example, are 0.010 inches 


in anv six feet. This means greater ac 


curacy and le SS mat hining for users of 
A mammoth 13,200 


located at 


Dow tooling plate 


ton extrusion press also 


Madison, is now turning out magnesi- 


um extrusions up to 30-inch circum- 


SC ribed circ le im size, 

Over in Bay City, Michigan, interesting 
things are happening, too. At the well 
equipped Dow 
largest in the U. S 


| yundry 


sand und perma 


magnesium 


mold castings ot ill SIZCS and 


nent 
shapes are being produced on a volume 
( ompl te facilities are 


tained for heat treatment, stvren 


basis. hain 


DMI 
impregnation ind chemical tr 
A well-staffed 
that 


exceeded 


quality cont 
makes all specificatio 


that the 


sure 


met o1 ind most 


modern equipment and technique § are 


fully 


utilized 


The Bay City f 
ple x and difficult 
ings with walls as thin as 0.1] 
being pl duced, Other use 


ments include cast-in tubel 
wavs for use as h 


coring tech 1 r cas 


di vulic 


shapes 


alloys. 


DOW FOUNDRY offers production capacity for 
sand and permanent mold castings of all! sizes. 


WRITE TODAY 


COMPANY, MV 


THE DOW METAL PRODUCTS COMPANY 
Midland, Michigan 
Division of The Dow Chemical Company 


WARES 


A new die casting plant is now 
at Bay City. This facility | 


the most advanced magnesium die 


stream 
ing equipment, including cold chamber 
metering units which automatically fee¢ 
metal to the machines and contribute 
to unusually high production rates. 71 

close illov « ntrol 
in both die casting plant | 


i direct readir 


assure omposition cé 


and to 
pectromete! pl 
ilvse S 


X-ray 


W he re 


frequent and preci Wk 
I metal equip 
radiogra- 


led 


is needed in at 


The Dow fabrication 
City iters 

on magnesiur 
developmental 
constantly in | 


up to handle 


LARGE DRAW PRESS at Dow's fabrication 
plant forms magnesium sheet in one operation, 





ATLAS utilizes a radio-command guidance sys- 
tem provided by the Defense Systems Depart- 


ment. Depicted here is the dramatic blastoff of 
the ATLAS which under radio-command 
guidance prod 2 successful earthly orbit 


as part of 5 





r 


DEFENSE 
SYSTEMS 
DEPARTMENT 


ORDNANCE 
DEPARTMENT 


LIGHT 
MILITARY 
ELECTRONICS 
DEPARTMENT 


HEAVY 
MILITARY 
ELECTRONICS 
DEPARTMENT 


MISSILE 
AND SPACE 
VEHICLE 
DEPARTMENT 


GENERAL ELECTRIC'S 
DEFENSE ELECTRONICS DIVISION 


Organized for a Full Range 
of Systems Requirements 


The Defense Systems Department, Syracuse, N. Y. — newest of the Division's five 
functionally organized departments — is the focal point of those integrating capa- 
bilities so vital to major prime and support systems for national defense. Made up 
of the Company's top systems management and technical talents, DSD is G.E.'s 
single point of authority and responsibility for major, long-range defense programs. 





POLARIS 

. . whose inertial guidance and fire control equip 
ments will be provided by the Ordnance Department, 
Pittsfield, Mass. — center of the Division’s ca 
pabilities in precision electro-mechanical elements of 
sea and land-based weapons systems. In addition to 
POLARIS equipments, the Department produces 
radar antennas, directors, launching and handling 
equipment and underwater ordnance 





SIDEWINDER 

.. the deadly air to air missile whose infrared 
guidance and control units are provided by the 
Light Military Electronics Department, Utica, 
N. Y., is representative of its capabilities for mili 
tary electronic subsystems and equipments < 
tained in, or launched from, air vehicles 
additional contributions range from electronics 


countermeasures to integrated avionic systems 





DATA PROCESSING AND DISPLAY EQUIPMENT 
. . for air space management is being developed 

and produced by the Heavy Military Electronics 

Department, Syracuse, N. Y 

Division’s capabilities for the design, p 

and installation of land-based a 

tion, guidance and control equipmen 

tributions of this Department range 

range sonar to the largest known rada 





RE-ENTRY, RECOVERY VEHICLES 
such as the ATLAS experimental nosecor 

largest re-entry vehicle ever recovered from s] 

- are designed and built by the Missile and S; 
Vehicle Department, Philadelphia, Penr 
enced in space technology, MSVD developed of 
tional ATLAS and THOR re-entry vehicles 
responsibilities range from certait l 
and fuzing projects to the re-entry/ recovery vehicle 
of the DISCOVERER satellit: 





DEFENSE ELECTRONICS DIVISION 


GENERAL @@ ELECTRIC 


SYRACUSE, NEW YORK 





compact heat exchangers of 
conventional or platular design 
for heating or cooling 


3 a 
~ 


For a proposal you can rely on 

contact your Janitrol engineering 

representative when your plans call 

for components, pneumatic sub-systems, 

and complete systems for heat transfer 

and air control. Virtually every modern 

aircraft and operational missile incorporates the 
skills that Janitrol translates into practical 
hardware. Janitrol Aircraft Division, 

Surface Combustion Corporation, 


4200 Surface Road, 
. . liquid heaters for ground busti inciad 
Columbu » Ohi support equipment in compact hot fuel pri its, inert 


sizes to 1 million Btu/hr — 
multi-fuel use generators and aircraft heaters 


reliable components for missiles / aircraft / support 





REPORT FROM ARMA 


The Missile Train—Mobile Sunday Punch 


In the foreground above is the mis- 
sile train—a hit-and-run Sunday 
punch for our modern Army. In 
event of war, the train could fire a 
missile with nuclear warhead, move 
rapidly miles away, then fire other 
missiles . . . without becoming a 
vulnerable stationary target itself. 
The missile train would be an ever- 
present threat to the enemy’s tac- 
tical units over a wide area. 


For such imaginative projects as 
the missile train, which combines 
maximum mobility with maximum 
firepower, ARMA has developed an 
equally imaginative universal navi- 
gation system. Not only can ARMA 
systems rapidly locate and aim all 
types of Army missiles, but they 
are applicable to all types of land, 
sea and air operations. To the 
Army, ARMA offers precise vehic- 


id 


ular navigation systems for use in 
artillery and missile survey, com- 
bat vehicles, tanks, and helicopters 
as well as remote control types for 
mine detection and atomic biast 
survey. Precision navigation sys- 
tems are ARMA's business from 
ships to ICBM’'s and--beyond. 

ARMA, Garden City, N. Y., a divi- 
sion of American Bosch Arma 
Corp....the future is our business. 


Attention, Engineers: Write to E. C. Lester, Emp. Supv., about career openings in R&D programs. 


AMERICAN BOSCH ARMA CORPORATION 


November-December 1959 
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CAPABILITIES FOR DEFENSE 


Westinghouse AN/FPS-27 Radar in operation at an Air Defense Command site 


A single Westinghouse radar gets a 3-D fix 
on the enemy...dilutes his jamming ability 


The AN/FPS-27, versatile 3-D radar designed by the West- 
inghouse Electronics Division for the Air Force’s Rome Air 
Development Center, is achieving new standards of perform- 
ance, reliability ... and economy. Now under contract from 
the Rome Air Materiel Area, this high-power, stacked beam 
radar gathers range, azimuth and height data quickly and 
accurately while eliminating unwanted signals. These com- 
prehensive functions in a single radar represent the applica- 
tion of the latest state of the art radar techniques to our 
nation’s early warning defense. 





Here is the management team responsible for the develop- 
ment of the AN/FPS-27 
This team is typical of the Westinghouse practice of matching 
talent to the job. 


within budget and on schedule. 


MAINTENANCE EASE: AN/FPS-27 design 
stresses reliability and maintenance accessi- 
bility. A separate monitor console calibrates 
the receivers remotely. Equipment troubles are 
automatically indicated. Sub-assemblies can be 
replaced rapidly in case of circuit malfunction. 


UNIQUE CONSTRUCTION DESIGN of the 
antenna system permits the inclusion of the latest 
3-D height-finding techniques. Range, azimuth 
and height data can be automatically fed to a 
computer to form a composite picture of the air 
defense sector. 


: o 


EASE OF OPERATION: One mon operates the entire transmitter room. This is typical of the 
operational ease of the Westinghouse designed AN/FPS-27. A minimum team of six specially 
trained men can handle the operation and maintenance of the entire facility. 





The AN/FPS-27 is a por 
rador. Current simulation studies at the Air Arm Division, utilizing the latest digital computer 
facilities (at right), hold promise for new approaches to the problem of long-range detection and 
tracking of aircraft and ICBM's. 


t of a broad Westinghouse effort in shipboard, tactical and airborne 


Westinghouse 


DEFENSE PRODUCTS 
1000 CONNECTICUT AVENUE, N.W., WASHINGTON 6, D.C, 


AIR ARM DIVISION 
AVIATION GAS TURBINE DIVISION 
ELECTRONICS DIVISION 
AIRCRAFT EQUIPMENT DEPARTMENT 
ORDNANCE DEPARTMENT 

WASP 


you CAN BE SURE... iF :ITS Westinghouse 





2 long awaited books 


of SPECIAL INTEREST to ORDNANCE readers 
**LOGISTICS IN THE NATIONAL DEFENSE 


By Rear Admiral Henry E. Eccles, USN, Retired 


Here is a book of great importance to those who work for or 
deal with the government on logistic matters and national de- 
fense. The author, eminently qualified and widely-known after 
many years’ experience in logistic planning, has prepared an in- 
dispensable reference on this vital subject. He presents logistics 
as the bridge between the national economy and the operations 
of combat forces and shows clearly the basic relationship be- 
tween logistics and sirategy, the principles underlying sound 
logistical organization and the need to prevent logistic support 
from unduly “snowballing,” the coordination of logistics and 
strategy, command control, logistic discipline, logistic planning, 
priorities and allocations, and many other vital aspects of 
logistic operations. 350 pages. $5.00 


**THE JOINT AND COMBINED STAFF OFFICER'S MANUAL 
By Colonels Nicholas, USAF; Pickett, USA; and Captain Spears, USN 
Know how the staff officer works? His duties? How he goes 
about them? This complete guide manual for staff officers by 
instructors at the Armed Forces Staf! College is also an in- 
valuable asset to those who work with and coordinate estimates, 
plans, and orders with staff officers of all branches of the armed 
forces. 288 pages. Llustrated. $4.50 


The Deackpole Company HARRISBURG 10 


/ PENNSYLVANIA 





SEND YOUR BLUEPRINTS... 


for our 

prompt 
quotation 

on metal 
stampings. 
Latest brochure 
sent upon 
request. 


—_—_—__—, 


! 
xO CARLSTROM PRESSED METAL CO., INC, 
4 ==." 57 Fisher Street 


Westboro, Massachusetts 
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Reviews in this issue by: 





Loren E. Boiincer, engineer, research associate, Ohio State 


University, Columbus, Ohio. 


Cot. 
Washington, D. C. 


Greorce S. Brapy, consulting engineer, author, editor, 


F. W. Foster GLEASON, military historian, ordnance analyst, edi 
tor, Washington, D.C. 


May. Gen. E. P. MECHLING, aviation ordnance expert, editor, 
-— & ¢. 


Washingt 


Dr. Joun J. O'Connor, educator, author, editor, Washington, 


Yr, hist 1 lis, Ud. 


author, ordnance Pasadena, 


expert, 


wr, Infantry, U. S. Army Reserve, 


SHIREY, maj 


a 6. 


OrvitLe C. 
Washingt 


SMOLEN , engineer, Andover, Mass 


Lieut. Cot. S. M 


THAYER, ordnance management engineer, log 


jton, D. ( 


Sylvanus Thayer of West Point. By George Fielding Eliot 
New York: Julian Messner, Inc. 192 pp. $2.95. 


: : :, 
QsEORGE Fielding Eliot has performed remarkable service to 
our country in writing “Sylvanus Thayer of West Point” at this 


time. In the portrayal of Thayer and his period, the author has 


brought into fresh focus our continuing need for completely 
g 


loyal, fully educated leaders for our military establishment. He 


stresses the importance of intensive application in adequate 


studies and the proper place of firm discipline in the education 


of young men. This is also of current interest 


One of the things which makes tl book memorable is the 


understanding of Sylvanus Thayer and the way 


Point 


author’s firm 
in which he influenced West 

Most 
decisions only in their own times. This 
is still the 


technical schools remains 


and the life of his time 


content with affecting 
book clearly shows that 
West Point. His in 


great, if not so easily 


men, even notable men, must be 


Thayer's dominant influence at 


fluence on other 


identified. I am sure that General Thayer would be pleased to 
know that his ideas, and particularly his teaching plan, will be 
perpetuated at the new Air Force Academy as well as at West 
Point. 

George Fielding Eliot has here effectively epitomized the true 
his triangular concept of 


as the 


Sylvanus Thayer and 
West Point 


which education and discipline arise 


importance of 


the purpose of with honor foundation from 
converging toward the end 
product—the kind of military leadership our country still looks 
to for survival—Epwarp P. MECHLING. 

Command Decisions. Edited by Kent Roberts Greenfield. 


New York: Harcourt Brace and Company. 481 pp. $5.95 


THIS collection of twenty challenging essays was prepared by 
distinguished historians in the Office of the Chief of Military 


History, Department of the Army, for study by the Army’s 


ORDNANCE 
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Book Reviews (Contd.) 





Command and General Staff School. 


When the 
seemed appropriate that the book should 


project was completed, it 
be made available to citizens everywhere. 
It is, consequently, the only volume of the 
Army’s elaborate history series to receive 
commercial publication 

In his pithy introduction, Hanson W. 
Baldwin makes the point that American 
military victory in World War II did not 
win a political peace and that future gen- 
erations should ponder the lesson of ex- 
perience; namely, that war, if it is to 
have any meaning, must have a compound 
military-political objective 

It would seem that some of our World 


War Il 


re military-political. But 


decisions were military, some 


we whatever 


their nature, they were not fitted into a 
general military-political objective. This 
burden of Mr. Baldwin's complaint, 


of the most 


is the 
ind it is certainly worthy 
serious consideration. 

The twenty decisions here subjected to 
lispassionate and documented analysis 
range all the way from the basic concept 


Allied World War II to 


the decision to use the atomic bomb. Of 


strategy u 
special interest are the Japanese decision 
for war in 1941, 


vade Norway and Denmark, and the Ger- 


Hitler’s decision to in 


man counteroffensive in the Ardennes. 
The volume represents the best available 
\merican evaluation of some of the suc 
cessful, blundering, and questionable com- 
mand decisions of the greatest war in his 


Joun J. O'Connor 


toryv 


Thirteen Days That Shook the Krem- 
lin—Imry Nagy and the Hungarian 
Revolution. By Tibor Meray. New 
York: Frederick A. Praeger, Inc. 290 
pp. $5. 


- 
W HEN the Hungarian revolution was 


in progress the American public was de- 


luged with newspaper accounts that pic 
tured the revolutionists as “freedom fight- 


democracy. The 


ers” for author of this 
book, an outstanding Hungarian journal- 
ist, shows clearly that, although the ma- 
jority of the people did not want Com- 
thousands took the 


munism and oppor 


tunity to escape from it, the revolution 


itself was not a democratic revolt but 
against the 


Had 


the revolution won, Hungary would have 


merely a Tito-type uprising 


foreign domination of the Russians 


a Communist country 
Nagy had 
character it is still doubtful if 
broken free of 


remained 


Even if been a_ stronger 
Hungary 
could have Russian rule 
geographical 


That no 


hecause it did not enjoy the 
isolation that Yugoslavia had 
help came from the West was a cause of 

ypointment and despair to the en 


} 


peoples who had mistaken news 


and radio bombast for real promises. 


One thing stands out clearly. Nagy as 


a leader was an idealist who believed that 
he could treat with the Russians. He 
found that not even the official signature 
of a Soviet representative could be trusted, 
and he paid with his life. Those Ameri- 
cans who still cling to the belief that we 
can do business with the Russian Soviet 
system will do well to read this book.— 


Georce S. Brapy. 


Gun Digest. Fourteenth annual edition. 
Edited by John T. Amber. Chicago: 
Gun Digest Company. 320 pp. $2.95. 


THis large and handsome annual is of 


consuming interest each year; but this 


reviewer has found that the greatest re- 


ward comes with adding to a growing 


series. Nine volumes now grace his book- 


shelves, and, in addition to answering in- 


numerable questions and providing a 


smooth-flowing record of trends in fire- 


arms and their use, they offer many an 


hour of rereading 

his year, as in every year, the diver- 
sity of coverage in Gun Digest is truly 
amazing. Several years ago Amber began 
to include significant historical coverage 


of ordnance items; this trend continues 


stepped up. The lead editorial is a 


Weller fur- 


hes a thought-provoking article on 


from OrDNANCE; Jac 


trend in military rifles; Mel Johnson con- 
tributes a study of “fumbling” in the de 


velopment of the machine gun. It all adds 


up to an ordnanceman’s delight! 

Over fifty articles and departments run 
the gamut of firearms, hunting, collecting, 
target and practical shooting, miniatures, 
and engraving 


and excellent WwW 


Illustrations are profuse 


Foster GLEASON 


Jet Propulsion Engines. Edited by O. E. 
Lancaster. Princeton: Princeton Uni- 


versity Press. 799 pp. $20. 


Tuis book is the twelfth in the series 


entitled “High-Speed 
Upholding the 


\erodynamics and 
Jet Propulsion.” high 
embodied in the 


“Jet Propul 


quality of presentation 
series, 


contains detailec 


past volumes of the 
1 discus 


sion Engine "i 


sions of the many forms of jet propulsion 


available. Liberal use has been made of 


analytical material and the basic ideas 
treated in previous volumes of the series. 

The book is divided into twelve major 
sections starting with the history, defini- 
tions of basic parameters, and a perform 
1s based 


ance analysis of turbojets whicl 


on the internal solution of matching the 

compressor, combustor, turbine, and ex 

haust nozzle. Off-design performance is 
included 

ze the turboprop, 

and wave engines. Liquid-propel- 

ockets are 


considered primarily from 


ropellant aspect—both monopropel 


and bipropellants. The portion .on 


solid-propellant engines stresses stability 
and burning characteristics. Possibilities 
of using hybrid engines, such as the ram 
rocket and jet rotor, are considered. 

“Jet 
valuable addition to the technical litera 


Propulsion Engines,” is a most 
ture and is firmly recommended to anyone 
engaged in the study and application of 
reaction-type engines.—Loren E. Born 


GER. 


The Great War: 1914-1918. By Cyril 
Falls. New York: G. P. Putnam's 
Sons. 447 pp. $5.95. 


In these days of the cold war with easily 
accessiblé panic buttons and with the Ko 
rean conflict and World War II 
roadblocks to 
the actual par 


serving 
as effective memories of 


earlier wars (except for 


ticipants), it is well to be reminded that 
the preceding generation fought a tremen 
dous war only four decades ago 
‘The Great War” is such a useful sun 

mary of what we now call World War | 
Captain Falls has written a readable book 
the concurrent 
“wars” that were conducted on the West 


Italy, the 


that covers, year by year, 
ern Front, the Eastern 
Balkans, the Middle East, 
the high seas 
Although the 


political history,” he 


Front, 


Africa, and or 


author states thi 


not a does manage 


to touch briefly on major political events 


as well as discussing the national leaders 


military and civilian 
There is a keen appreciation of the gov 
erning effect of logistics on the decisior 


made on the far-flung battle fronts. The 


] 


frailty of electrical communications, the 


general dependence upon horses instead of 


motors, the need for coaling ships—all 
such factors as well as the more obviou 
mud and mountain terrain conditions on 
fluid 


assessed for their 


the fixed or fronts are noted and 


influence in formulating 
battle plans 
War” is a 


is useful 


In summary The Great 
highly readable brief history that 
in reviewing again the cataclysmic years 
of 1914 to 1918 as seen through experi 
enced British eyes —H. C. THAYER 
The Failure of Atomic Strategy. By 

Col. F. O. Miksche. New York 

Frederick A. Praeger, Inc. 224 pp 

$4.50. 

THE author, formerly of the Free 
Forces of World War II and 


Eisenhower's 


French 
subsequently on General 
staff, has been described as “one of the 
world’s most stimulating military writers.” 
Indeed he is! 

His plea is for the West to rid itself of 
“Sputnik diplomacy” and support the aim 
of the 
with an alliance based on solidarity an 


defense of Christian civilization 


integration of all members on all ques 


tions, whether interests inside or outside 


ORDNANCE 





ANOTHER WAY RCA 
SERVES BUSINE 

THROUGH 

ELECTRONICS 








RCA Electronics creates the ‘‘501’’ to streamline the paper work 
of business—it reads, writes, figures and remembers on tape 


Much of today’s traffic jam in paper 
work is being eliminated by electronic 
data processing. But to build a system 
that would be prac tic al and economic al 
for even medium-sized organizations 
was a job for electronic spec ialists 

To solve the problem, RCA drew on 


its broad experience in building com- 


5 


puters for military applications and 
combed its many laboratories for the 
latest electronic advances that could 
help. The result was the RCA “50] 
high-speed electronic data processing 
system—the most compact flexible, and 
economical ever built. It is a pioneer sys- 
tem with all-transistor construction for 
business use 


The “501” cuts out paper work bottle- 


necks for many government agencies 


and businesses, from stock brokerage 


firms to public utilities, banks, insurance 


companies and steel mills. 


It “remembers 
numbers 
onto its magnetic tapes by sucl 


paper tal 


’ 
fraction of a second, it can di 
of calculating orting, and « 


is punch cards 


operatior ‘ ind checks f ich 
Finally, it \ 


ports, payrolls in plain English at 72,000 


tes such things as bills, re- 


chi acters pe! minute 

This economical and practic ul ar 
to an acute business proble m is a 
wav RCA Electronics is he Iping 


plify the growing complexity of busin 
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rism—viewer for 

the Douglas 
map the landing 
American's X#15 


ROAD MAPPER 
FOR THE X<-15 


Texas Instruments roof prisms share a vital role in 
mapping a safe landing course for the first manned space 
craft. Installed in a photographic system aboard a 
Douglas A3D-2P, these prisms recorded landmarks that 
will guide the X-15 pilot in his return to earth. Accurate 
photo mapping at 600 miles per hour requires exception- 
ally high quality optical components. This roof prism, for 
example, has angles that must be held within seconds of 
arc. Difficult to manufacture? Not for TI craftsmen... 
tolerances such as these are met everyday at TI in 
production quantities. 


Leading designer and producer of silicon, germanium, 
quartz and other optics for military and commercial uses, 
TI has intimate familiarity with unusual materials suited 
to specific portions of the spectrum. In one of the nation’s 
best equipped facilities, TI craftsmen grind, polish and 
coat precision optics with the same care that goes into a 
“road mapper” prism. This team — backed by a full-time 
engineering service and high-speed computers — can meet 
your requirements in any quantity from idea to comple- 
tion. For detailed information about this technology, send 
for booklet “Precision Optics at Texas Instruments” or 
contact SERVICE ENGINEERING: 


TEXAS 


Oo 


OPTICS DEPARTMENT 


INSTRUMENTS 
INCORPORATED 


6000 LEMMON AVENUE 
DALLAS 98, TEXAS 
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of Europe are atiected. This could be done 
with adequate quantities of conventional 
weapons to bolster our atomic deterrent 
and thus put the West in a negotiating 
position rather than being exposed to one 
blackmailing action after another until, 
perhaps, the final capitulation —S. M. 
SMOLEN SKY. 


The Narrow Seas. By Reginald Har 
greaves. London: Sidgwick & Jack 


son, Ltd. 495 pp $6.30. 


E\ ERYBODY knows that vigorous use 
of sea power made Britain great, but few 
recall the centuries of trial and error that 
so slowly taught Britons how much thei 
controlling — the 


survival depended upon 


Reginald Hargreaves 


delightfully in the kind 


English Channel 
tells that story 


! likes to give friends at Christ 


of book one 
mas. 
Drawing on fo 


Major 


casual 


rty years of historical 
writing, Hargreaves offers a tale 
suited to reading in short snatches 
or to careful study. He sketches economic 


and political forces underlying twenty 


centuries of le, frequently as stormy 
as the Channel herself, and against that 
background describes men or events as 
they appeared to their own contempo 
raries, thereby sustaining the impression 
that “you were there.” 

“The Narrow 
seas will discover that we are not the 


eration to call new 


American readers of 


first impatient 
weapons too costly, and they can compute 
the heavy tribute seventy British genera 
tions have paid to this age-old fallacy 
Gradually the honest American will per 
ceive that Harer« es deals here with our 
history also, fo r since technology 
narrowed the Atlantic we, too, have beet 


i people whose rontier ts the Euro 


pean coast.—W .USSELL, 


Battl——The Story of the Bulge. By 
John Toland. New York: Random 
House. 400 pp. $5. 

Ix this book the author reconstructs the 

Battle of the Bulge—the 1944 German 

counteroffensive through the Ardennes 

technique which 


seems to be gaining ground in historical 


using the “you-are-there” 


and quasihistorical writing. 
Mr. Toland has dor 
job with hi 


ie a remarkably good 
naterial, accumulated by a 
massive, personal-interview program over 
a 2-year period and by reference to most 
of the standard published sources. By 
skillful selection and editing of his inter 
views with American, German, and civil 
ian participants he has been able to pre 
sent a coherent historical account of the 
Battle of the 
gnettes. These make use of quotes of re- 


Bulge in a series of vi- 


membered conversations and give to the 
whole account a dramatic sense of im 
mediacy and to the reader a sense of par 


Orvi__e C. Suirey 
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Tiny super-coolers from Hamilton Standard 


FOR INFRARED APPLICATIONS 


system that can 


This is a closed cycle, low-pressure mechanical refriy 
chill infrared cells to any predetermined temperatu to 60 degrees 


Kelvin (-350°F). Such extremely low temperatures 
infrared detectors, giving them extended long w 


ensilivity ol 


Phe system, one of many possible packag: 
IR-cooler, at left, with a new miniaturized con 
vides the first reliable miniature system yet devised tl 
temperatures Weighing under 10 pounds complet 
missiles or aircraft. It is further adaptabk 
range of environmental conditions 

The min-I R-cooler was conceived by Arthur 


developed with Hamilton Standard to perform with 
usually low weight 1} e 


Little In and 


1 Hamilton Standard- 


developed compressor offering high performance at un 
system is an important new addition to the complete range of temperature and 
environmental control devices and systems produced by Hamilton Standard. 


HAMILTON STANDARD 


Windsor Locks, Connecticut 
ENGINE CONTROLS + ENVIRONMENTAL CONTROL SYSTEMS + PROPELLERS « STARTERS 
FLIGHT CONTROLS « VALVES « PUMPS « GROUND SUPPORT EQUIPMENT 
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FULLER 
GUN BRUSHES 
ARE SUPER-RUGGED 


Fuller Gun Brushes are built to take it. The 
brush material is packed solidly into a metal 
channel. This anchored-in-metal construction 
produces a brush face of maximum density. 
Gun bores are cleaned more thoroughly — the 
brushes stay on the job longer. 


INDUSTRIAL E> DIV. 


THE FULLER BRUSH co. 252iechd Ns SERN 


Fi 


Re 
Fé 
2 





TM TREND 


IMPERIAL 
TRACING CLOTH 

















send your new address 


Please notify our Circulation Department as soon as 
possible of any change in your address. Then you'll be 
sure of receiving A.O.A. publications as usual, and at 
the same time help your Association save on postage 
costs. Use the form below. Mail to: ORDNANCE, 708 
Mills Building, Washington 6, D. C. 


Teme eHe eee eS eee ee 


CHANGE OF ADDRESS 


NAME (print) 
NEW ADDRESS 


STREET 


CITY ZONE 
OLD ADDRESS 
attach old address label if available 


STREET — 


CITY ————— ZONE ___ STATE 1 
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Just a wavelength ii ANYWHERE fe wnwAlILTCOoOM 


Why Philco has been 
selected to modernize 
the world's largest 


communications system 


AIRCOM is the vast, global network of elec- 
tronic communications that links every base 
outpost and aircraft of the U. S. Air Force. It 
is the world’s most extensive integrated com- 
munications system 

Recently awarded the contract to modernize 
and expand AIRCOM, Philco was selected by 
the Air Force for its proven ability in systems 
management and its extensive experience in 
global communications 

The modernized AIRCOM System will uti- 
lize advanced techniques in both point-to- 
point and air-to-ground communications. It 
will provide greater traffic capacity, maximum 
reliability and camplete compatibility of all 
USAF communications equipment 

In the world of advanced electronics in 
communications, data processing, missiles, 
satellites, weapons systems and radar... look 


ahead and you'll choose Philco. 


GOVERNMENT & INDUSTRIAL DIVISION 


4700 WISSAHICKON AVE., PHILADELPHIA 44, PENNA 


CHOOSE POWER FOR YOUR PURPOSE FROM THE 


GM DIESEL all-purpose powerline. 


PACKAGE POWER 


for industrial, oil field and pumping units 


Here are profit-making, money-saving 
power packages ready to do more 
work for you at less cost. Take your 
pick from the widest selection in the 
industry 

New, lightweight Series 53's for jobs 
from 20 to 195 H.P.—compac*, pow- 
erful new ‘‘V-71's’’ up to 1650 H.P.* 
—time-proved in-line ‘71's from 
33 to 1008 H.P.—husky, heavy-duty 
“110’s"’ from 160 to 670 H.P 

With “Jimmy” Diesels you get more 
power in less space. Less weight, 
too, for GM Diesel’s modern 2 
design puts out more power 
cubic inch 


weight, 
You'll be 

Diesels! 
harged 


Compare the power, size 
performance, and price 
money ahead with ‘Jimmy 


ycle 
per 


71 


*Twin 16V-71, when turb« 


FAN-TO-FLYWHEEL ENGINES 


for trucks, lift trucks, construction equipment 


New power or re-power—there's a 


*Jimmy"’ Diesel Fan-to-flywheel model 
to fit your equipment and save you 
Compact high-speed new 
53's are ideal power for lift 
trucks, tractors and light to medium 
duty in-plant and on-road hauler 
Installation is simple. Seldom re- 
quires change of clutch or gear 
ratios 


money 
Series 


Series 71 ‘Jimmys” offer over-the- 
road and off-road power for the 
t ads—the toughest jobs 
New ‘'V-71's" give big power in a 
small package save weight and 
space and increase payloads 


heavie 


Power up for profit with a “Jimmy” 
Diese! engine! 





MARINE ENGINES 


for workboats and pleasure craft 


High shaft horsepower, light weight, 
seagoing safety and dependability 
these are the qualities that have 
made GM Diese! Marine Engines the 
standard of the world in marine 
power. Modern GM 2-cycle design 
gives more power per pound frees 
valuable hull space for greater profit, 
greater pleasure. 


hightweight Series 53's now offer 
GM Diesel economy and dependabil 


GENERATOR SETS 


for auxiliary electric power 


if your need is reliable emergency 
stand-by power—-or economical off- 
line power there's a GM Diesel 
Electric Generator Set to handle the 
job 

Choose compact units of 13.5 to 245 
KW output from Delco generators 
specifically designed to match GM 
Diesel pr 
GM Diesel Generator Sets come 
equipped with radiator or heat- 
AC or DC output, 


wer units 


Ce 


exchanger cooling 
open or enclosed hoods, and com- 
plete electrical characteristics. Sets 
may be easily synchronized for paral- 


ity for smaller craft. Series 71 and 
110 engines provide a wide choice 
of power for medium and large ves 
sels. ‘Inclined’ 71 models reduce 


lel operation and will maintain con- 
stant voltage to supply the full KW 
rating of two or more paralleled units. 


engine height. Wide selection of op- 
tions available for custom marine 
installation. 





SPECIFICATIONS 


Quad Tw 


Twin n Twin 
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Models 
Bore & Stroke 
(in.) — 3% x 442___ - - . 
MAX. BASIC* 97 130 195 67 118 
HP @ RPM @ a @ @ @ 
2800 2800 2800 : 2000 2300 
POWER UNITS 81 112 . 60 90 
Net** BHP @ RPM ) @ @ - @ @ 
2500 2500 2000 2100 
FAN-TO-FLYWHEEL 81 112 171 56 138 
Net** BHP @ RPM ( @ @ @ C @ 
2500 2500 _ 2000 2100 
120 -— — 151 


ne ee X SG... 
1008 335 670 


@ @ @ 


__2300 2000 ~—-2000 
794 =—=—274St=«S 


4%x5 


336 504 504 1008 
2 (@ 


2300 
392 


167 252 252 
f (a @ 
2300 
780 


2 
2300 
256 


2300 
198 


(a 
2300 
200 


a 
2300 
131 

(a 
2100 
198 


@ @ @ @ @ 
2100 2100 2100 2100 2000 
263 96 . —- 274 
( (a (a 2 _— @ 
2100 2100 2100 we : _ = 2000_ 
235 230 308 470 893 - 314 
@ @ @ @ @ — @ 
2300 2300 2300 2300 2100 — 2000 
Net** Cont. 62 85 95 147 170 228 295 590 227 
SHP @ RPM @ @ @ @ @ @ @ 
— 2200 2200 1800 1800 1800 1800 1800 
- 40 60 
. - to to 
24 ne 80 125 
**90°F. and 1500 ft. 


@ 
2100 
207 
a @ 
2500 
MARINE MAX. 86 
Net** SHP @ RPM , @ @ @ 
2800 2800 2300 
@ @ 
1800 1800 = 


~~ GENERATOR SETS 
KW Range** 


to 


*60°F. and Sea Level 


STANDARDIZE ON GM DIESEL-—-AND SAVE 


sie llolal 2-3 a od - Cae Mi leh’ -iaetal-talel-t- lolli na * More H.P. Per 


* More H.P. Per Dollar 
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Invite Your Friends to Membership ... Now! 


AND RECEIVE AS AN AWARD 


IH... are the names of friends... 

I think should belong to the Ordnance Association 
Please send to each person listed, who is not already 
a member, a membership invitation telling him about 
the aims, purposes, and services of the Association. 


Please Print 
NAME 
ADDRESS — ~ 


treet & numoer 


actual size 11 XK 14 inches 


SERIES II of 
A.O.A. PRINTS 


NAME 


ADDRESS 


NAME 
99 


seq Py 
Ear! y Ku ropean Armament ADDRESS 


A set of four attractive and distinctive ordnance 


drawings for display in your home or office. 
NAME 


ADDRESS 
Print No. 2—Turkish Bombard, 1453 


Print No. 3—Swedish Regimental Gun, 1630 
Print No. 4—Prussian Horse Artillery, 1759 


NAME 


ADDRESS 


ee OAS 


city, zone, state 


— four new A.O.A. members obtained 

AAA 7 or > P - - oA 

through your recommendation entitles you to your choice Additional recommendations may be listed 

separately. Please attach to this form. 
of a series of American Ordnance Association Prints 


Eight or more new memberships entitle you to a second 


series. Two series are available: Series I por 


ntion your name, and 


trays America’s ordnance industry in World War 1; 
obtained 
Series II pictures the development of 


European armament from the 12th century to 1759. 
Your Vame 


Send in the names of your recommended friends today. Siete 
eturn to: 


AMERICAN ORDNANCE ASSOCIATION 


USE THE SPECIAL FORM ATTACHED > 708 Mills Building e« Washington 6, D. C. 


Print No. 1—The Trebuchet : 





Where can you use this versatile HI-SHOCK SWITCH? 


Military; missiles, mines, shipboard an- 
tennas, or industrial and commercial 
equipment wherever rigorous vibration, 
shock or constant acceleration is pres- 
ent, this new Hi-Shock Switch offers 
distinct advantages. 


Engineered and custom-packaged. The Hi- 
Shock Switch can be used for remote 
power switching (mounted directly on 
moving members) ...changeover from 
primary to auxiliary power source, 
AC or DC...rapid stepping of power 
distribution. 


Hermetically Sealed. Use in remotely con- 
trolled, power operated units or as a 
sequence exciter for auxiliary prime 
movers. 

100% Rotary Action, Counter Balanced. 
The actuator, a rotary solenoid, is 


SINGER-BRIDGEPORT 


A DIVISION OF THE SINGER MANUFACTURING COMPANY 
915 Pembroke Street 


counter balanced in all axes. Standard 
coil voltages range from 6 to 48 volts, 
but other ranges can be furnished as 
required. High-speed stepping—30 per 
second—is one feature; higher speeds 
are available for specific designs. 


Positive Stopping, Positive Locking. The 
ratchet mechanism prevents over- 
shooting of the switch contacts— which 
will not move except during actual 
stepping. This mechanism is simple, 
reliable, virtually fatigue-proof. 


Knife-Edge Contacts. On rotary switch 
contacts are strong and simple, provide 
positive connections to prevent chat- 
tering under acceleration and other 
vibration-producting conditions. 

Environmental Ratings. The Hi-Shock 
Switch withstands non-operating im- 


Bridgeport 8, Conn, 


pacts of 1000 g for one millisecond 
parallel to its rotating axis, and 100 g 
for one millisecond perpendicular to its 
rotating axis. The stepping switch op- 
erates under vibration, in three mutu- 
ally perpendicular axis, of 0.5’ double 
amplitude 5—17.5 cps., and 10 g 17.5— 
2000 cps. Constant operating accelera- 
tion may be as high as 100 g, in axis 
parallel to rotation. Operating temper- 
ature range may exceed —65°F. and 
+165°F., and could be extended under 
special conditions. 

Other models also developed with vary- 
ing configurations and contact arrange- 
ments with higher current rating. Write 
for complete details. Hi-Shock, Singer 
Military Products Division, Singer- 
Bridgeport, 915 Pembroke Street, Bridge- 
port 8, Conn. 1909 
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This section of ORDNANCE contains selected papers on armament technology presented at 
meetings of Technical Divisions and Sections of the American Ordnance Association 
and contemporary articles on armament research, development, manufacture, and field use 





Cermets for Ordnance 


Ceramic-metal mixtures 


Metallurgist 


IGH-TEMPERATURE mate 
rials of pure metals and alloys 
experience an untavorable deg 

radation of properties at elevated-tem 


service—they soften and be 


perature 
come plastic. As a result, much research 
effort has been devoted in an attempt to 
restrain this undesirable feature by the 
dispersion of a hard phase of metal or 
ceramic within the ductile metal matrix. 
metals, 


These pure 


alloys, hard metals, and ceramics are 


composiuions ol 


now recognized as cermets 


The basic idea is not a new one as 
cermet systems have been widely used 
in the form of abrasive grinding wheels 
during the past hundred years, Cutting 
tools, metalworking dies, and ammuni 
tion cores made of combinations of 
tungsten and titanium carbide bonded 
with cobalt or nickel have been manu 
factured on an industrial basis for the 
thirty The 
these unique systems has been accom 


tec h 


fabrication of 


past ycars. 


plished by powder metallurgy 


niques. 
HE current literature suggests that 
usable cermets for high-temperature 


application should consist of carbides or 
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John M. Woulbroun 


Rodman Laboratory, Watertown Arsene 


oxides bonded with metals and alloys 
of Co, Ni, Fe, Al, Cr, and Mo. It has 
been showr that cermets combine cer 
tain favorable properties of the com 
ponents which are essential to success 
ful application at elevated-temperature 
service. These favorable properties in 
clude strength, corrosion resistance, Oxi 
dation resistance, thermal conductivity, 
and thermal shock resistance. 

The prerequisite of a potentially suc 


cessful cermet system 1S strength at 
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meet the needs of high-temperature conditions 


room temperature and at elevated tem 
peratures. High strengths can be real 
ized if wetting and good bonding occur 
between the hard brittle phase and the 
S. Williams 


wetting 


ductile metallic phase. L. 
and P. Murray 


characteristics of 


studied the 


various oxides and 


carbides by liquid metals. They found 


that carbides are more readily wetted 


by liquid metals than are the oxide sys 
tems due to the differences in the sur 


face nature of the two classes. 


HE carbide surface is dominated by 
the positive metal ions and the oxide 


surface by negative ions. Because ot 


high surface energies, the carbides ex 


hibit low interfacial tension with the 


liquid metals resulting in good wetting 
properties. It was concluded from thei: 
work that the free energy of formation 
of the oxide should not differ too much 


from that of the binder metal oxide 


since large differences in the free ener 


gies of formation promote undesirable 


chemical reactions which affect the 


physical properties by introducing new 


phases into the system—some of thes« 


phases being detrimental to sound 


structure, 
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Table I. Range by volume of cermet compositions in metallic binder. 


A systematic research effort has been 
accomplished in the field of metal- 
ceramic interactions by W. D. Kingery 
and his colleagues. These investigations 
included the study of chemical reac- 
tions at temperatures up to 1,800 de- 
grees centigrade. They found little or 
no reactions at 1,400 degrees centigrade 
and lower temperatures; however, con- 
siderable reactions took place in many 
systems at 1,800 degrees centigrade. 
The possible reactions which can take 
place include the formation of a new 
grain 


phase, along the 


boundaries with the alteration of the 


penetration 


oxide phase, and corrosion of the oxide 
phase. 

The existence of these chemical re- 
actions would therefore alter the physi 
cal properties of the cermet system un- 
dergoing temperature changes in the 
range 1,400 to 1,800 degrees centigrade. 
This postulates that an ideal system 
would be one where new phases are 
not formed, penetration is not observed, 
and corrosion of the oxide phase non- 
existent. Fabrication methods become 
very important in order to achieve the 
final goal—a continuous binder phase 
surrounding finely dispersed particles 
of oxides or carbides, an achievement 
well illustrated by the WC-Co system. 

Accordingly, a preliminary study of 
several systems was undertaken. AloOs 
and TiC were bended with Fe, Co, Ni, 


Al, and Co-Cr in order to extend the 


knowledge of these systems over a wide 
range of compositions, 

Certain considerations are necessary 
in the choice of TiC and 
AloOs are two of the most successtul 


materials. 


hard-metal phases in various cermet 
systems because they are wetted readily 
by some of the ductile metals. These 
dispersions are readily available and 
low in cost. In addition, they are also 
acceptable in view of strategic consid 
erations. The same reasoning holds true 
for the choice of the metallic binders. 
The Al and Co are known to com 
bine favorably with AloOs, and Fe, Ni, 
and Co with TiC. These materials were 
chosen with the hopes of realizing good 
room-temperature properties and estab 
lishing sound criteria for material serv 
ice at elevated temperature service. 
The cermets combining AlzO; with 
Al, Co, Fe, and CoCr; TiC with Ni, 
Co, Fe, and Co-Cr; TiC with Ni, Co, 
Fe, and Co-Cr were prepared by pow 
der-metallurgy techniques. The cermet 
compositions ranged from 25 per cent 
per cent by volume in metallic 
All com 


positions were lubricated with the addi- 


to 75 
binder according to Table I. 
tion of one per cent stearic acid by 
weight and ball-milled in glass jars for 
four hours. Original particle size was 
maintained by the use of small steel 
balls. Grinding of the metal and ce 
ramic powders was not attempted at 


this experimental stage. Existing punch 





% Rel. 


Composition Density 


Al,O 


67.9 


SIU 
—>vV 


Al,O; 


st 
—-YVInoun 


Al,O; 


SDOwwee 


~ 


~ 
oOuMMouU 


“sumenmuite suits ~ 
wn 


Composition 


A1.0,-—25' 


( 


su 


uu 


ALO. 


~~“ Uv 


ALO 


— vw 


a 
2 


ou 


NUNMnUNsIUN 
ou 


a 











Table II. Relative densities of cermet systems. Optimum values for composi- 


tions as sintered at 


1350 degrees centigrade or 1400 


degrees centigrade. 





and-die sets had to be corrected before 
the abrasive powders could be com 
pacted. The pressures were then stand 
ardized at 30,000 psi. 

An experimental sample of all com 
positions was treated at 275 degrees 
centigrade for half an hour in order to 
volatilize the stearic acid lubricant pres 
ent in the mixtures. Three specimens 
for each composition were subsequently 
fired in a hydrogen atmosphere at 1,350 
degrees centigrade for a period of two 
hours. Following preliminary determi 
nation of room temperature transverse 
rupture strengths, new batches of all 
remixed. Lubrica 


compositions were 


tion, mixing, and pressing operations 


were performed according to the stand 
ards used for the experimental samples 


HE specimens were again treated at 


275 degrees centigrade for half an 
hour and sintered for 2 hours at 1,250, 
1,300, and 1,400 degrees centigrade (see 
Table III). The cermets were subjected 
to the hydrogen atmosphere during all 
sintering operations. The theoretical, 
apparent, and relative densities of the 
sintered cermet compositions were de 
termined by standard procedures. The 
room-temperature transverse rupture 
strength tests were performed by the 
single-point loading method using a 
0.75-inch span. 

Specimens representing each cermet 
composition were subjected to metallo 
graphic examination. Photomicrographs 
were taken at three different magnifica 
tion levels, these being 200 diameters 
for porosity studies, 500 and 1,500 di 
ameters for the determination of micro 
structure and the degree of dispersion. 

The results of the tests and metallo 
graphic examination varied widely for 
each system. Each system is therefore 
treated on a separate basis according to 
composition, density, microstructure, 
and strength. 

The cermet systems composed of 
TiC-Co, AlsOs-Co, AleOx-Fe (car 
bonyl), TiC-Fe (electrolytic), and TiC 
Ni exhibited the most promising proper 
ties in decreasing order. The relative 
densities which were determined are ex 
ceptionally high in the case of the 25 
per cent TiC, 75 per cent Co, system 
while densities of some of the other 
systems were considered to be below 
standard (see Table II). The systems 
AleOs-Co, AlsOs-Fe, TiC-Fe, TiC-Ni 
had relative densities ranging from 
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75 to 85 per cent. The results of the 


density determinations and _ porosity 
studies supported the expected correla- 
tion of the two properties. 

Figure 1 represents microstructures 
of 75 per cent TiC-25 per cent Ni, 50 
per cent TiC-50 per cent Fe, and 50 
per cent TiC-50 per cent Co at 200 di 
ameters. The photomicrographs show 
decreasing porosity for increasing rela- 


tive densities which were 72.9, 90.7, 
and 97.3 per cent, respectively. Prelimi 
nary attempts with Co-Cr-Mo as binder 
for AloO, and TiC were unsuccessful 
for the treatments used. The low rela 
tive densities experienced with Co-Cr 
Mo as a binder probably can be at 
tributed to improper treatment condi 
tions. 

In general, density increased with 
binder content, with the highest rela 
tive densities occurring at the 75 per 
cent volume binder content. The opti 
mum sintering temperature was 1,350 
degrees centigrade for all systems ex 
cluding cermets composed of 50 pet 
cent TiC-50 per cent Fe, 50 per cent 
TiC-5o0 per cent Co, 75 per cent Til 
25 per cent Ni, and 75 per cent TiC 
25 per cent Fe. The latter systems de 
veloped better properties when sintered 
at 1,400 degrees centigrade. 

The 


direct relationship may exist between 


sintering data indicate that a 
sintering temperature and the degree of 
brittle dispersion. Increasing sintering 
temperatures would be required for 
cermet systems of increasing dispersed 
phase or decreasing binder content. Sin 
tering time was kept constant for a 
period of two hours tor preliminary 
investigations. It is expected that in 
creased sintering times will play an im 
portant role in the development of su 
several cermet 


perior properties in 


systems, 


M' TALLOGRAPHIC examination 
was performed on all cermet sys 
tems investigated. The systems com 
posed of TiC bonded with Fe, Ni, and 
Co are typical examples of the cermet 
structures encountered. Microstructures 
of specimens representing the systems 
75 per cent TiC-25 per cent Ni, 50 per 
cent TiC-50 per cent Fe, 25 per cent 
TiC-75 per cent Fe, 50 per cent TiC-50 
per cent Co, and 25 per cent TiC-75 per 
cent Co will be discussed in their respec 
tive order. Figures 2a and 2b represent 
cent Ni 


the 75 per cent TiC-25 per 
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Fig. 1. Photomicrographs of sintered 
cermets, polished and etched, 200X: 
(a) 75% TiC—25% Ni; (b) 50% Tit 
—50% Fe; (c) 0% TiC—SO% Co. 





1. One per cen icid lubri« nt idded 
to all compositions 
2. Mixtures ball-milled for 4 hours. 


Compacts pressed at 30,000 
Specimens | 


ps! 
sintered in hydrog 
from 50 to 
> 


at temperatures 
1400 centigrade for 
hours 


degrees 








Table III. Screening treatment used for 
all compositions in experimental tests. 








structure sintered at 1,350 degrees cent 


grade tor two hours. The porosity, o1 
voids, are the black areas in the photo 
micrograph taken at 500 and 1,500 di 
ameters. The angular TiC grains (grey 
dispersed within the 
white, textured Ni matrix. Growth of 


the TiC grains was experienced at the 


areas) are well 


expense of the smaller particles during 


the sintering treatment. The particle 
size of the TiC powder ranged between 
5 to 10 microns. 

As sintered, the structure exhibited 


grain S1Zes between I to 20 mucrons 


This particular grain growth phenome 
non in the TiC-Ni system has been 
noted by M. Humenik, Jr., and N. M. 
Parikh. 
growth process to the incomplete wel 
Ni with a 


They attributed the grain 


ting of the carbide by the 
resulting mechanism of coalescence 0« 
curring between the individual carbide 


particles. 


HE mechanism ot coalescence can 


1 


be seen in Figure 2b where Tit 


grains are barely touching with a lack ot 
Ni metal 


voids in the microstructure are also re 


_ 


separating the grains, The 
lated to the incomplete wetting by 
Ni and theretore incomplete bonding 
within the cermet system. Coring was 
found to be present within some of the 
TiC grains (the darker areas within the 
grains); however this effect cannot b 
explained at this ume 

The 50 per cent TiC-5o per cent Fe 


and 25 per 


cent TiC-75 per cent Fr 


systems are shown in Figures 4a, 4b 
imeters. The Tit 


as spheroids in the 5 


4c at 500 and 1,500 d 
rains are seen 


per cent IiC-so per cent Fe system 
(Figure 4b), while these grains appear 
in sharp angular shapes in the case of 
the 25 per cent IiC-75 per cent Fe sys 
tem (Figure 4c) 

Some grain growth took place in the 
liC-rich system as compared with the 
high Fe cermet. The specimens were 
sintered in graphite boats so that car 
bon could readily diffuse into the cer 
met briquettes. This effect is noted by 


areas of ferrite (white) and 


the very fine pearlite areas (white and 


the large 


black laminar structure) in Figures 4b 


and 4c. The TiC grains are evenly dis 


persed in both the ferrite and pearlite 
areas. 
The 50 per cent TiC-5o per cent Fe 


system exhibits a peculiar preferred 


The preferred orientations 


orientation 
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Fig. 2. Photomicrographs of sintered cermets, polished and etched 


(a) 75% TiC—25% Ni, 500X; 
are perhaps due to the path of least re- 
sistance of the diffusing atoms to the 
internal areas of the specimens from 
the graphite boats. Figures 2a and 2b 
show such preferred orientation and 
the possible passage of the carbon leav- 
ing the ferrite structure after the speci 
men has cooled. 

The 50 per cent TiC-50 per cent Co 
and 25 per cent TiC-75 per cent Co sys- 
tems are represented at 500 diameters 
in Figures 3a and 3b, respectively. The 
porosity is much greater in the 50 per 
cent TiC-5o per cent Co system and 
may be attributed to unusually high 
cooling stresses in the Co phase. Cracks 
result from these cooling stresses and 
propagate through the Co phase, the 


black 


areas in the photomicrograph (Figure 


cracks being identified as the 


(b) 75% TiC—25% Ni, 1500X. 


3a). The grey areas are the TiC grains, 
and the Co binder phase appears white 
Apart from cracks or voids, the Co 
phase is continuous and surrounds the 
TiC dispersion. 

The 25 per cent TiC-75 per cent Co 
system exhibits a similar microstructure 
with the exception that porosity is prac 
tically nonexistent. The TiC grains are 
well dispersed in the 25 per cent TiC 
75 per cent Co system, but, on the other 
hand, some segregation of the Co phase 
is present within the structure (Figure 
3b). The segregation may be elimi 
nated with a more thorough mechani 
cal mixing of the TiC and Co powders. 

The the 


successful 


TiC-Co cermet was most 


system encountered during 
this study in view of the high strengths 


developed. Strength increased with in- 


Fig. 3. Photomicrographs of sintered cermet specimens, polished 
and etched, 500X: (a) 50% TiC—50% Co; (b) 25% TiC—75% Co. 


‘ 





creasing Co content, a property similar 
to all other systems with the exception 
ot the AloOs-Al system. These results 
were anticipated since Co is known to 
wet and bond favorably with titanium 
carbide and tungsten carbide. The 
merits of the TiC-Co system with addi 
tions of TaC and NbC have been in- 
vestigated tor low volume percentages 
of Co. Room-temperature strengths 
reaching 190,000 p.s.i. were reported. 
Transverse rupture strengths of 230,000 
p.S.1l. were reported tor compositions ol 
32 per cent TiC, 60 per cent Co, 8 per 
cent CrsCro. 
comes limited by the desired applica 
The 


with 


The Co percentage be 


tion and temperature at service. 


soltening temperature decreases 

increasing binder content, but thermal 

shock characteristics and ductility 

would show marked improvement. 
The TiC-Fe 


strengths between 75,000 p-S.1. and Qo, 


cermets dev eloped 
000 Pp.5S.1. [Or compositions of 25 per cent 
TiC-75 The in 


crease in strength with increasing bin 


per cent Fe content. 
der content again was noted. The lit 


erature did not yield any data with 
respect to the TiC-Fe system and there 
the results with 


tore comparison olf 


parallel or similar investigations was 
not possible. 

It is evident that superior strength 
properties could be obtained by improv 
ing the treatment conditions, thereby 
decreasing the high porosity observed 
The use of carbonyl Fe or a fine grade 
of electrolytic Fe powder could lead to 
greater strength values. Hydrogen-re 
duced Fe powder was combined with 
the high-grade 325 mesh TiC powder 
for the specimens prepared in this cur 
rent study. 
have 


values 


TiC-Ni 
been reported higher than the 
Strengths 


Strengths of cermets 


determined in these tests. 


65,000 


p.s.i. The lower strengths are attributed 


10,000 


varied between p-S.1. to 


to processing techniques. A standard set 


of treatment conditions had been estab 
lished. All of the cermet compositions 
were pressed at one pressure and sin 


tered at the same temperature with 


similar times. Future work 


with TiC-Ni compositions will be pre 


ceded by initial deoxidation and anneal 


sintering 


ing treatment of the Ni powder. 


AloO, cermets were bonded with 


three of the available commercial Fe 
powders—electrolytic Fe, hydrogen-re- 


duced Fe, and carbonyl Fe. The results 
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of these tests varied over a wide range 
from negligible values to strengths as 
high as 117,000 p.s.i. The high strengths 
occurred where 75 per cent by volume 
of carbonyl Fe was used as a binder. 

Electrolytic and hydrogen-reduced Fe 
developed extremely poor results in 
comparison with the carbonyl Fe in all 
volume compositions investigated. The 
appreciable difference in strength most 
likely can be attributed to the very fine 
particle size of the carbonyl Fe powder. 
The carbonyl Fe particles approach the 
size of the AloOs powder particles lead- 
ing to favorable mechanical mixing con- 
ditions. 

AlsOs cermets bonded with Co pow- 
der developed the highest strengths at 
tained by oxide dispersion in the extent 
of this investigation. Transverse rup 
ture strength increased with increasing 
binder content from low values to 181, 
500 p.s.i. The low strengths are due to 
poor volumetric combinations and poor 
bonding for the sintering conditions 
used. 

HE strength of 181,500 p.s.i. oc- 

curred when the cermet composition 
was sintered at 1,350 degrees centigrade 
for two hours. A high grade of commer 
cially pure Co powder with a fine par 
ticle size was used to ensure good mix 
ing between the phases. The bonding 
characteristics were far superior be 
tween the AleOs and Co as compared 
with other systems studied. 

AlsO; bonded with Al was investi 
gated at the standard conditions for all 
experiments even though it was ex 
pected that the Al would melt out of 
the compact during the sintering opera 
tion. Compositions of high binder con 
tent exhibited partial to total melting 
leaving a powdery cake of Al2O;. How 
ever, as the binder content decreased, 
several compacts of 50 per cent AlsOs 
50 per cent Al developed strengths be 
tween 7,500 p.s.i. and 17,000 p.s.i. 

A valuable material might be de 
veloped if compositions in this range 
were sintered in an oxidizing atmos 
phere. Oxide-oxide bonds would be 
developed leaving an intimate Al,Os 
structure. 

Tests with the AloOs-Co-Cr and TiC 
Co-Cr cermets did not yield data com 
parable to the Co er Ni systems. P. 
Schwarzkopf and R. Kieffer report that, 
while the results of work with pure Cr 
as a binder have not been outstanding, 
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Fig. 4. Photomicrographs of sintered cer- 
mets, polished and etched (a) 50° TiC— 
50% Fe, 500X; (b) 50°% TiC—S0% Fe, 
1S00X; (c) 250 TiC—75°% Fe, 1500X. 





work with Co-Cr, Ni-Cr, and Co-N1-C1 
alloys have led to commercial products 

The properties ol the cermet systems 
were found to be related directly to the 
observed microstructures. Superior 
strengths were developed with Co as a 
binder for TiC and AleOs. Fe and Ni 
exhibited promising properties along 
with the Co systems. 

These systems with selected treat 
ments would form the nucleus of ma 
terials to be developed in subsequent 
phases of this basic investigation. It is 
that 


with alloy additions in the binder will 


believed further experimentation 
provide signincant improvement in the 
cermet materials. 

There are some general considera 
tions which play an important part in 
this endeavor. Proper choice of raw 


materials becomes an essential phase 
in cermet development. The commercial 
fabricators must strive to provide ce 
ramic and metallic powders of high 
purity. These powders must have very 
small particle sizes where both 
ponents are preferably matched. 

and AlsOs powder size should be de 
creased to approximately I-micron dl 
ameter as opposed to the available 5- to 
1o-micron particles, 

Smaller particles greatly affect the 
mechanical mixing characteristics of any 
set of powders which in turn benefits 
the sintering mechanism. Diffusion o¢ 
curs at a greater rate which decreases 
the necessity of a severe sintering treat 
ment. Dispersion of the hard particles 
which results in a su 


occurs evenly 


perior miucrostructure, 


ACH metal and ceramic powder has 
its own particular pressing charac 


teristics. The standardized pressure of 


30,000 p.s.i. was chosen as the average 


optumum pressure trom initial com 


pacting attempts. Once a system ep 


hibits promising properties, the treat 


ments have to be carefully reviewed 
and subjected to a critical investigation 

Ceramics are pressed at low pressures 
in the range of 10,000 to 20,000 p.s.i 
while pressures for metal powders vary 
from 000 p.s.1., and ar 


20,000 to 206 


riving at optimum compacting pres 
sures becomes an experimental problem 
rather than a theoretical consideration. 

The author wishes to acknowledg« 
the assistance and guidance given by 
Dr. Bennett Bovarnick under whose di 


rection this investigatior was conducted 
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Explosives Crystallization 


Propellants, primers, pyrotechnics, and high explosives such as RDX 


and INT have been greatly improve d by the development of processes 


to control crystal growth and stability effectively during production 


HE physical properties of explo 
sives (loading density, particle 
size and shape, solidification rate, 
detonation velocity, impact sensitivity, 
etc.) are determined to large extent by 
The 


increased amount of RDX in cyclotols 


their crystallographic properties. 
as compared with Composition B is 
due to controlled crystallization condi 
tions which give the proper size distri- 
bution and shape of the RDX crystals. 
The same situation exists with perchlo- 
rate-rubber propellants and with plastic 
explosives such as Composition C. 
forms of a 


Different crystal 


explosive can behave as if they were 


given 


totally different explosives. HMX is a 
good example of this: the beta form of 
HMxX is a safe high explosive whereas 
the other polymorphic forms of HMX 
are so sensitive they are potentially use 


ful as primers. The care taken to be 


Dr. Walter C. McCrone 


sure that alpha lead azide is formed 


rather than the beta form is another 


con 


example of the importance of 
trolling crystal structure. 
Many 


properties can be of cruc ial importanc ce. 


times relatively subtle crystal 
Lead azide, for example, can detonate 
spontaneously but it has never been 
observed to do sO except Ww hen it Was 
crystallizing from solution, The more 
rapidly a crystal of lead azide grows, 
the more strained the crystal lattice. 
As growth continues, the strain builds 
up until it exceeds the strength of the 
crystal and spontaneous cracks release 
energy sufficient to initiate detonation 

The cure for this is to grow lead 
azide crystals so slowly that the strain is 
relieved as the crystal grows. Large crys 
tals of either alpha or beta lead azide up 
to one inch in length can be grown it 


the growth rate is slow enough. 


Crystal properties and impact sensitivities of the four HMX polymorphic forms. 





Beta form 
System Monoclinic 
Habit Equant 


Refractive 


Alpha form 
Orthorhombic 


Rods & Needles 


Gamma form Delta form 


| lexagor al 


Monoclinic 


Plates Rods 


There is no critical size above which 


lead = azick spontaneously detonates. 
There is, however, a critical crystalliza 
tion velocity above which the growing 


crystal will detonate spontaneously. 


> ) illustrate the importance of crystal 

properties | want to discuss in some 
detail two specific explosives problems 
involving crystallography. The first ot 
these is RDX. Early in 1941 I was a 
graduate student at Cornell University 
and a teaching assistant in chemical 
microscopy. One day a fellow graduate 
crystals to 


student brought in some 


examine microscopically. These were 
NDRC 


project, and he was quite secretive about 


associated with a hush-hush 
the whole thing. 

He did, however, have enough trou 
ble seeing what he wanted to per 
mit me finally to peek at the crystals. 
In a few minutes | could tell him there 
were two components present, and he 
became very much interested. 

I later learned that we were looking 
}achman process RDX 
which contained around eight per cent 


HMX. This was at 


United States was trying desperately to 


at samples of 


a time when the 


get RDX into production using the 
Woolwich 


process, but the high and unpredictable 


1.537 566 


589 1.562 
, 
607 Bachman 


595 1.563 
773 1.735 


92 1.87 


indices 


rather than the 


1.585 
1.663 
1.82 78 impact sensitivity of the Bachman proc 
Density impact ess product was endangering the whole 
project. 

I spent considerable time studying 
different pilot plant samples of RDX 


and was soon able to characterize the 


sensitivity 
RDX (55 33 2-30* 


(5: ’ ao 1-20" 1-10* 


. , e y > ij ~ ; , le oo ; “ 
* Depends on crystal size and shape ; in general, small crystals are less sensitive. 
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Highly magnified slides show crystal- 
lographic structures of the high explo- 
sives Ednatol (top), Explosive D, Com- 
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crystals of RDX and HMX and to sug position B, and Aristowax (bottom). TNT melt, 


gest that HMX was the sensitive agent 
in the Bachman RDX. At this point I 
found myself suddenly working for 
NDRC and during the next year had 
an opportunity to study HMX in de- 
tail. It turned out to have four different 
polymorphic forms each with different 
crystal properties and with different 
impact sensitivities, as shown in the 
accompanying table. The latter also 
were found to vary for a given poly 
morphic form with crystal size and 


shape. 


CAREFUL study of the stability 

of these different crystalline forms 
of HMX showed each could be obtained 
by careful control of the crystallization 
conditions. Furthermore, under a cer 
tain easily obtained set of conditions 
the HMX would crystallize in the beta 
form and as such would not signih 
cantly sensitize RDX. This work was 
completed in time to become a part ol 
the Holston Ordnance Process for the 
manufacture of RDX, 

The second problem of crystallo 
graphic interest is the pouring of TNT. 
The time-honored process for pouring 
TNT and Composition B with its pour 
ing, probing, repouring, reprobing and 
repouring ritual is too well known to 
yustity description In 1952, Mac Ross, 
a product of British reverse lend-lease, 
had the idea that a study of the crystal 
lization of TNT would lead to an im 
proved production method for all 
calibers of high-explosive rounds then 
produced by pouring 

Accordingly he came to the Armour 
Research Foundation of the Illinois In- 
stitute of Technology and suggested 
we submit a proposal covering his ideas. 
In due time the project was approved 
and work began. We made a careful 
microscopic study of TNT and found 
that an improved process could be 
based on the following two ideas: 


1. All air, which is very soluble in a 





Dr. McCrone ts director of 
McCrone Associates, Chicago, 
Ill. This article 1s based on an 
address given by Dr. McCrone 
before a recent meeting of the 
Loading Section, A.O.A. 
Bomb, Warhead and Artillery 
{mmunition Division, held in 
Burlington, lowa. 
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rystalils 


thirty to sixty 

. The round, 
kept hot at 
crystallizes 
reservoir 
be avVall 


for 


Improved 


Improy 


Simons pul 


1934 Issue of ( 

~/ he de velopr ent 
plosives containing 1 
nitrocellulose d 
use as a bursting 


Tests were nade it 


1882 with a blasting 


4 per cent camphor wl 
fully fired without d 
but when a gelatin of 
glycerin and 8 
was tried in 1884 
de stroved. 

‘A number of 
come the difh 
and acid were 

lx mixed by he ock 

the nitrati taking 


the time o lig While the 


se f 
worked, the m nt o inert 


in 


" 
was so gre: hat ) project 


. 1 1 on load 
greater oT 1 c oade 

<2 } , 1 | { , 
yack powder le Gimcult¥y was finally 


overcorne { ing presse ir is 


the propelling 
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Jewel 


Bearing Dilemma 


While modern weapons have greatly increased the demand for these 


precision parts there ws only one U. S. plant capable of ther 


production mn the quantities that would be needed in an emergency 


HE 


nearly all fre-control systems— 


common denominator of 

the tiny instrument jewel bear 
ing—today represents an “uncommon” 
and vitally 


signincant proc urement 


problem. Procurement of _ sufficient 
jewel bearings for gyroscopes, meters, 
chronometers, and other precision in 
struments under normal conditions of 
fers no problem. But, in the event of a 
national emergency, procurement of 
jewel bearings will be one of our most 
critical mobilization problems. 

There is a Government stockpile of 
these bearings, and some of them 
would, of course, be usable. However, 
changing and 


rapidly requirements 


lack of standardization among preci- 
sion instrument designers and _ users 
would require a continuing supply of 
bearings to meet production needs. Vir- 
tually the only source of jewel-bearing 
production available to the military in 
an emergency mobilization situation is 
a pilot facility managed and operated 
for the Government by the Bulova 


Watch Company at Rolla, N. Dak. 


» hnge Government recently adopted 
a policy urging weapon systems 
managers and contractors to utilize the 
Rolla plant’s facilities for designing and 
manufacturing bearings needed for cur- 
rent and specialized requirements. This 
policy emphasizes the necessity for 
maintaining a domestic jewel bearing 
plant abreast of current design needs. 
It does not make possible, however, a 
significant expansion of production or 
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ager of the Turtle Mountain 
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Company, Rolla, N. Dak. 





the designing of improved instrument 
jewel bearing fabricating tools and ma 
chinery. 

Operations under this policy have 
put the Government agencies charged 
with defense and mobilization in one 
of those damned-if-you-do and damned 
if-you-don't situations. Assuring Amer 
makers a source of 


ican instrument 


jewels is not simply a problem—it is a 
dilemma. Several basic factors contrib 
ute to this dilemma: 

1. It has not been economically feas 
ible for American industry to establish 
a domestic instrument jewel bearing in 
dustry because of labor cost differen- 
tials and the lack of available trained 
technicians and craftsmen. 

2. Jewel bearing production requires 
a skilled and highly trained labor force 
which takes years to develop, as well as 
a variety of uniquely specialized ma 
chinery and tools. 

3. There is no adequate all-purpose 
substitute for the jewel bearing known 
to research or industry. 

4. During peacetime, imports can 
adequately supply defense needs as well 
as commercial requirements for watches 


with 


the exception of some unique or high 


and other precision timepieces 


high-precision requirements. 


5. In the event of a national emer 


gency, all our foreign bearing sources 
could be cut off or destroyed. When 
supplies were cut off in World War II, 
aircraft production was brought to a 
virtual standstill for months. Measures 
taken to solve the problems then would 
not sufhce in the third world war or 


another large-scale brush-fire war. 


| Boge sedge of jewel bearings 
for defense products has increased 
astronomically with each new develop 
ment in instrumentation for measuring, 
indicating, and control. Missile systems 
and space-age projects demand an ever 
growing consumption. Fire-control sys 
tems today require as many jewel bear 
ings per system as battleships did a 
decade ago. Development of production 
machinery and the training of person 
nel is not an M-day-plus proposition- 
an all-out effort to establish domestic 
sources merely to meet current defense 
requirements would take months. 

The principal and underlying causes 
behind many of the factors contributing 
to the dilemma are coincident with the 
history of watchmaking and the jewel 
bearing industry. Although drilled jew 
els were used more than 2,000 years 
ago, it was not until the mid-nineteenth 
century that mass production of jewel 
bearings was necessary. 

Switzerland is the center of the 
world’s precision jewel bearing indus 
try and the world’s chief manufacturer 
and exporter. Jewel bearing production 
was established by the Swiss as a “‘cot 


tage” industry in which families worked 
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to produce the finished product. This 
type of production was typical of the 
Swiss watchmaking industry and bene- 
fited by low labor costs and a high de- 
gree of father-to-son skilled craftsman- 
ship. 

The Swiss people—world-famed for 


their watchmaking and precision in- 


strument craftsmanship—naturally want 


to safeguard their position as the chief 
source of these tiny bearings. As a re 


sult, manutacturing techniques and 


production equipment are zealously 


controlled 


HE only other nation today with a 
productive capacity that approaches 
Switzerland's is the Soviet Union. They 
are not dependent on outside sources of 
supply. Their productive capacity sharp 


ens the edge of our dilemma. 
The Department of Defense and the 
Mobiliza 


need tor 


Office of Civil and Defense 


tion recently reiterated the 
additional support tor alt least a pilot 

, { , = } 
plant jewel bearing tacility in the nited 


States and a reservoir ot trained jewel 
bearing craftsmen and technicians capa 
and improving precision 
machinery and instrumentation needed 


jewel bearing production. 


ble of building 
tor successtul 
The Office of the Assistant Secretary 
of Defense (Supply and Logistics) ses 
eral months ago reported that “the Di 
ind Defense Mobiliza 


leemed this facility to be es 


rector (of Civil 
tion) has « 


sential to the mobilization base.” 


The “facility” he referred to is the 


1 ] } 
jewel vearing manutacturing plant 10 


Rolla, N. Dak. 


ages all aspects of the plant’s operation 


cated at Bulova man 


under a dollar-a-year, cost-plus-fixed-tee 
contract, 


Procurement problems relating to 


precision jewel bearings are being stud 


ied by the Instrument Jewel Bearing 


Section of the American Ordnance As 


sociation, and members of the Sec 


tion have offered their cooperation 


to the Government in devising a set of 
such bear 


A.0.A. 


vision and 


standards for the design of 


ings. The Sectior art of the 


Fire Control I 


is made up of instrument jewel bearing 
users, importers, management ol 
, 


the Rolla plant 
Millions ol 


ings are used 


They are found in such devi 


scopes for missiles and space 


control systems for tanks 


navigation struments for 


submarines, chronometers, 


other precision nstrument 


. : 
fricuuon would drastically 


effectiveness and accuracy of 


most of the prec 


ments considered essential to 


In tact, 


tary program could not exist without 


yew el bear Ings 


Jewel bearings are tiny syntheti 


sapphires or rubies, roughly the size of 


a pinhead. They are drilled, 


and polished to tolerances of hundred 


shaped, 


thousandths of an inc They are used 


wherever a surtacc needed ayainst 


which moving parts Of an instrument 


must move or rotate with a minimum ol 


} 


friction, vibration, and wear. Yet they 


must be able to withstand pressures of 


as much as twenty tons per square inch 


] 
} 


\ typical use of precision jewel bear 


rs is found in the hermetic integra 


‘floated” gyroscope used in ballis 


iny ofr 


tic missiles. Friction is reduced—and 


consequently, accuracy and usefulness 


improved within this type of gyro 
several magnitudes through the use of 
tiny jewel bearings that serve on ¢l her 
end of the gyro gimbal which is floated 


within the a sirupy fluid 


ie pivots that ro 
he jewel bearings are typi 


h in diameter. The 


tate within 
cally about o. 
tiniest defect in 


destroy the 


oo the 
erally since 


) j 


net 
UCU 


accompany if 
more pres 1st 


struments incor] jewel bear! 


American nption has 
total hz 
States 
ry ft jewels already 
movements; some have been import 


from Switzerland ind other countries a 
1 


loose jewels (some tor watches, 


This 26-spindle drilling machine with .005-in. boring wire, can lap holes in sapphire disks to tolerances of .0002-in. 





After drilling, jewels are strung on wire to open holes and achieve polish. 


for instruments), and only one per cent 
of the total is made in the United States. 

End consumption by the U. S. prob 
world (al- 


ably its the larg t in the 


though it may be nearly equaled or 


even exceeded by Russia) vet we pro 
, , 

less than half of one per cent of 
Accurate 


the world 
are difficult to make because of the dis 


duce 
S supply estimates 
parity of consumption and production 
figures from other nations 


World War II 


for instruments and military timepieces 


Consumption during 


amounted to an average of about 70 


million a year. It has been estimated 


that consumption during another war 


} 1" 
would easily surpass |! milion 


approach 200 million. This figure in 
cludes jewels for watches as well as for 


military instruments 


In no other respect 1S the United 
] 


States so de pende nt on an outside source 


. ] 
for so essential a commodity or mate 


rial. Senate Preparedness Subcommittee 
hearings offer ample reports and testi 


mony describing the criticalness of a 


jewel bearing shortage in event of war. 


] ] 
1 jewel bearing indi 


HE lack of 


try in the United States became a 


1S 


! 
concern to the military 


n mid-June of 1940 when 


Inatter of vreat 
establishment 
Wiss was 


F E 1] A th : 
rance fell and the source 


cut off. Britain’s urgent request to this 


country for jewel bearings resulted in 


further alarm among the military and 
defense agencies. Repres« ntatives of do 
mestic watch companies together with 
representatives of meter and aircraft in 
strument makers were called to Wash 
ington and met under the auspices of 
the National Con- 


certed planning was initiated for the 


Defense Council. 


establishment of an American instru- 


ment jewel bearing source, 
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Watch industry spokesmen pointed 
out that instrument jewel bearings wer 
extremely difhcult to manutacture and 
that there were no trained personnel in 
the United 


| 
domestic source would require import 


States. Establishment of a 


ing skilled technicians from Switzer 


land. Through 


efforts of the Bulova 


Company two Swiss expert 


emust an 


S 


1 the other a designer 


chines needed to luce jewel 


proc 


bearings on a mass-production basis 


were brought to this country where 


they irrived just one Week before 


ne two were unable to take 


iny notes or drawings, they 


} 


rin the laborious task of set 


entirely new industry irom 


but they had a production 


ro at Bulova in seven 


igencies had una¢ 
d tor domestical 
bearings hecause 

ure Of Wartare changed sO QuUic 

lramatically during the 


World War II 


(American 


early 
It wasn’t until mid 
watch 


to mass-produce 


companies 
bearings in 


cient quantity to 


keep pace with 


the production of instruments, meters, 
and fire-control systems 


In the meantime, the Bulova 


com 


mal d to hand make 


some 


1,200 precision tools and machines for 


jewel bearing manutacture since con 


ventional machine-tool makers were un 


able to cope with the small tolerances 


required 


These tiny bearings—2,000,000 could 


be carried in a Mason jar—were con 


sidered so valuable during and 


1943 


1944 that special couriers rushed them 
trom the inspection lines to the instru- 





ment makers, and great quantities were 
smuggled out of Switzerland despite 
the German embargo. 

Examples of the voracious appetite 
for bearings needed within individual 
weapons include these estimates from 
a War Production Board report: 17 for 
a military timepiece, 350 for a bomb 
sight, 1,500 to 4,000 for an aircraft, and 
5,000 for a battleship 

After World War II the 


ment, having weighed the warnings of 


Govern 


jeweled watch manufacturers and mili 
tary spokesmen about letting instru 
ment jewel bearing know-how and 
technology deteriorate, lost interest in 
sustaining a domestic jewel bearing 
source until the Korean conflict broke 


out. 


YUBSEQUENT to the Korean cam 
paign, however, the Department ot 
Defense and the Army determined that 
the establishment of a pilot plant for 
continuous training of a nucleus of tech 
nicians and craftsmen and the produc 
tion of jewel bearings was desirable. 
This decision was prompted by the 
realization that stockpiling jewel bear 
ings would not suffice in the event of a 
national emergency because of the rapid 
obsolescence of particular bearing de 
signs 
This 


sically attributable to the bearings but 


obsolescence was not intrin 
rather to the great strides in design m 
provement being made in instruments 
components and sys 


and fire-control 


tems. Magnitudes of improvement in 


accuracy, durability, and precision in 


“vros, recorders, vages, timers, and 
other components placed an even heavy 
1er emphasis on the need for be ining 
accuracy and new designs. Reliance on 
stockpiles alone would have been im 
practicable and unrealistic. 

In 1952 the Army asked for bids to 
establish a jewel bearing plant in the 
United States for purposes of produc 
tion and training of personnel. Several 
watch companies entered bids, and the 
contract was awarded to the Bulova 
Watch Company in October of that 
year for the “furnishing of personnel, 
labor, equipment, supplies, services, and 
maintenance for activation and habilita- 
tion for the manufacture of jewel 
bearings.” 

Within five months, under Bulova’s 
direction, a plant was constructed and 
and training was 


equipped, com 
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menced. The company’s unique con- 
tribution to the facility consisted of 
technical experience in the design of 
jewel bearings and their production 
equipment, as well as in the intricacies 
of their manufacture. Bulova assigned 
its two key jewel bearing specialists to 
the project and, since no others were 
available in this country, brought three 
more over from Switzerland. 

The plant was established a few 
miles from the Turtle Mountain Indian 
Reservation near Rolla and was desig 
nated as the Turtle Mountain Ord- 
nance Plant. 

There were several reasons why the 


plant was established at Rolla: (1) 


utilization of the dexterity of the Chip 
pewa Indians on the near-by reserva 
trons, (2) dispersion, (2) lack of a need 


bor 


reservoir oO! skills 
held, 


to establish a 


to “untrain” a la 


acquired in a_ different and 


(4) 
round employment opportunity for the 


the occasion year- 


Indians who would otherwise have 
been forced to continue acceptance of 
Government support payments. 

More than 10 million jewel bearings 
of many varieties have been manutac 
tured at Rolla, and the current annual 
production rate is over 2 million. Pro- 
duction could be doubled virtually 
overnight, and possibly tripled within 
several months by adding extra shifts. 
Perhaps more important than produc- 
tion is the reservoir of experience being 
acquired by the employees as they learn 
to make new types of jewel bearings 
and to cope with the multiplicity of 
problems inherent in their manutac- 


ture, 


HE contract has been administered 

since 1957 by the General Services 
Administration as an Office of Detense 
Mobilization function, and Bulova has 
continued to operate the plant on much 
the same basis as was set down in the 
original contract—including the CPFF 
provision for a dollar-a-year fee for the 
company. 

Employment at the Rolla plant is 
about 150, and more than 85 per cent 
of the production employees are Indians 
from the reservation and near-by town. 
There are about 5,000 Indians on the 
reservation, and about 20 per cent ol 
these now depend directly on the jewel 
bearing plant for their income. Nine of 
the twelve supervisors are Indians. 

At the specific direction of the De- 
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partment of Detense and the Ofhce ot 
Civil 


plant’s emphasis has been on the design 


and Detense Mobilization, 


and production of unusual and other 


wise unobtainable types of instrument 


ewel bearings lor specih detense 
t t 


product needs as well as training coinci 


dent with the plant’s day-to-day opera 


tions. 
At the same time, 


ing or exceeding its production quota 


ot bearings for GSA’s stockpile of stra 


tegic and critical materials. These stock 
Z 


| j 


piled bearings are predicated on cul 


rent and potential needs for jewel bear- 


INS designed for specihc detense prod 
ucts. 

Most of the equipment 
ery in use at Rolla 


World 


im- 


ment surplus lett 


War Il. 


proved 


Rolla technicians have 


their equipment (ane some 
cases completely rebuilt 
designed new production tecl 


While has 


cated tor the improvem 


some money 


already at the plant, 


for the urchase 


modern 


made available 


velopment ol jewel bearing 


equipment usiny re 


manufacturing 


cently developed techniques, such as 


, : ; 
ultrasonics and electron bombardment, 


which the Swiss are known to be using. 


In tact, the present contract with GSA 


specifically excludes expenditures for 


research and development 


Aside from the basic procul 


lemma, there are three basic 


that make manutacturing a jew 
ing an extremely difhcult operation, Its 


tiny size makes it dificult to see and 


manipulate. Tolerances on finishing 


and polishing are infinitely small 


sometimes measured in millionths of an 


String of sapphire jewels is given rough outside diameter grinding. 


the 


Hardnes 


presence Ol 


1k h 


unique tooling and produ 
ery maintenance prob 
forty separate m 

are needed to 

and 


circular-shapec 


jewels) 1n 
‘ RE ar 
instrum 


these types 


articulal 


bearings t 


bearing 


pre 
j 


cylindrical 


productio 

iearned Dy 

ined and 1m] 

ot Detense, in 
logistics and 

three military 

the greatest pos 


bearings consumed 


DOr 


other source 


qu intity, quality, or 


not be met.’ 
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Weather to Order 


The climatic facility at Frankford Arsenal provides the greatest 


flexibility an both rainfall and sunshine simulation as well as 


the most accurate control of these environments ever achieved 


War II 
have brought such drastic im- 
and 


HE years since World 
provements in ordnance 
ground-support equipment that today’s 
extremely complicated military hard- 
ware costs many times as much as com 
parable equipment used during the last 
war. If only to protect the huge invest- 
ments involved, the cost of modern 
equipment reemphasizes the need for 
design and selection of materials that 
can withstand the environmental ex- 


tremes that will be encountered in 
worldwide operations. 

Field testing for such conditions is, 
for reasons of time alone, impractical. 
Too few geographic locations produce 
the extreme conditions needed tor 
proper testing, let alone produce them 
in a concentrated period of time. Nor 
is there any possibility of obtaining tests 
with any repetitive reliability. Nature 
does not reproduce a required number 
of days of identical weather on order. 

So the only practical solution has 
been the accurate simulation of rain and 
sunshine in the laboratory. This makes 
possible testing under closely controlled 
conditions that can be repeated as often 
as required to determine the adequacy 
of design and the performance of ma- 


terials under test. 


T was against this background of 
need that the rain-and-sunshine test 
facilities were installed some time ago at 
the Frankford Philadel 
phia. Some of the engineering prob 
lems which were solved in the design 


Arsenal near 
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Mr. Hermann ts sales develop 
ment engineer and Mr. Stern 
bach is manufac turing man 
ager with Tenney Engineering, 


Inc., Union, N. ]. 





these facilities al 


will lead to further ad 


and construction ot 
most certainly 
vances and refinements in the art of 
environmental testing. 

At present, requirements for produc- 
ing rain and sunshine in accordance 
with military specifications such as Mil 
E-5272 and others are limited as com 
pared with natural conditions. Current 


rainfall specifications call for an in 


tensity of from 3 to 5 inches an hour to 
be produced by spray nozzles with the 
water temperature maintained between 
51.8 and 68 degrees Fahrenheit. The 
chamber air temperature is to be main- 
tained between 68 and 86 degrees Fabr 
enheit. 

The sunshine requirements are simi- 
larly very brief. They call for a total 
intensity of 100 to 120-watts per square 
foot with a spectral distribution con- 
sisting of 50 to 60 per cent of the total 
energy in wave lengths above 7,800 
Angstrom units (infrared band), 4 to 
6 per cent in wave lengths below 3,800 
Angstrom units (ultraviolet band), with 
the remaining percentage being visible 
energy. The test chamber air is to be 
maintained at a temperature of 113 de- 
grees Fahrenheit during the sunshine 
tests, 

This is the sum total of existing 


Fred Hermann and Seymour Sternbach 


specifications which are, of course, very 


limited. They represent basically one 
condition each of rainfall and sunshine, 
which hardly represents the environ 
ments under which ordnance equip 
ment is expected to operate. It has been 
determined on numerous occasions that 
variations in the extremes encountered 
can be more damaging than a con 


tinuous steady-state condition, 


T° accomplish the rainfall require 
ments under the above specifications 
requires no more than one or more 
spray nozzles which might be fixed or 
rotating, having a 


given output at a 


controlled water pressure directed at 


the test plane. The sunshine specifica 
tion can be achieved with a combina 
tion of lamps whose total output aver- 
ages the required output without any 
consideration for uniformity of distri 
bution or ability to vary total intensity 
outside the narrow range indicated 
From the above methods it can be 
seen that there are many uncontrollable 
factors which cause deviations in the 
natural rainfall. 


attempt to simulate 


The use of spray nozzles cannot pro 


duce uniform coverage on the test 
plane because of the inherent nature of 
the design of the nozzle. That is, solid 
nozzles high-intensity 


cone produce 


levels at the center of the cone with 
lesser intensity levels at the outer per 
imeter. A hollow-cone nozzle produces 
the reverse effect. 

Rotating these nozzles does not solve 
the problem inasmuch as the same non- 


ORDNANCE 





Armament Technology 





uniformity exists as just outlined and 
introduces another incongruity 1n that 
the nozzles offer intermittent coverage 
of the test plane. 

It also can be seen that there is little 
or no control over the droplet size pro- 
duced by spray nozzles since the size 
of the droplets is predetermined by the 
water pressure required to produce cer- 
tain quantity flows from these nozzles. 
The use of spray nozzles limits the 
variability in intensity of flow because 
moderate changes in pressure required 
to increase output of these nozzles cause 
the water to atomize rather than fall in 
droplet form. 

The deficiencies in simulating sun- 
light with combinations of various 
lamp sources are much the same as the 
corresponding deficiencies of producing 
rainfall. These lamp combinations pro- 
duce a nonuniformity of light intens: 
ties as well as uneven spectral distri 
bution over the test plane. The fixed 
position of these lamps limits the varia 
tion of intensity level which should fol- 
low a and de 


pattern of increasing 


creasing intensities as the day progresses. 


yOLLOWING is a definition of the 
new limits and tolerances which were 
used in the design of an environmental 
chamber to simulate natural rainfall 
and sunlight more accurately 
rainfall of con 


“Provide simulated 


trollable intensities varying from '-inch 
per hour to 24 inches per hour on an 
8- by 10-foot measuring plane at floor 
level, with random droplet sizes vary- 


ing between mm. and 6mm. di 


ameter, and with temperature of the 
rainwater controllable at any specified 
temperature between 11 and 20 degrees 
centigrade. The intensity of the rain 
fall shall be controllable in increments 
of 4-inch per hour from inch to 
4 inches per hour, and in 1-inch-per- 
hour increments thereafter, to a maxi 
mum of 24 inches per hour. 

“The 


within the 8- by 


intensity distribution pattern 
10-foot area shall not 
deviate more than plus or minus 44-inch 
per hour up to 4 inches per hour, not 
more than plus or minus 10 degrees 
Fahrenheit of the specified value for 
intensities from 5 inches per hour to 
10 inches per hour and no more than 
plus or minus r-inch per hour from 
11 inches per hour to 24 inches per 
hour. Measurement of rainfall intensity 


shall be by U. S. Weather Bureau rain 


November-December 1959 


fall gauge and shall be made at random 
locations in a specified 8- by 10-foot 
area, with no reading deviating more 
than allowed above.” 

The sunlight specification is as fol- 
lows: 

“Provide variable intensities of simu- 
radiation from o to 360 


lated solar 


stu/sq. ft./hr. (0 to 105.5 watts/ft.*) 
in variable time cycles up to 14 hours 
maximum consisting of variable time 
cycles from 5 minutes to 6 hours maxi 
mum, without material change in spec- 
tral distribution, 

“This will require variability of sun- 
lamp elevation (requiring the design, 
construction, and installation of an ele 
vating mechanism ) adjustable from five 
to ten feet above the floor to the under- 
side of the lamps. 

“Increasing intensity shall be accom 
plished by illuminating the lamps in 
three steps and then reducing the dis 
tance between the lamps and the meas 
uring plane ror continuous increase 
thereafter until the maximum intensity 
is reached. The measuring plane for 


maximum intensity shall be no closer 


than three feet from the underside of 
the lamps 

“The measuring test plane shall be an 
8- by 8-foot area. 

“The ranges and percentages of spec- 
tral distribution shall be 50 to 60 per 


Ang 


strom units) and 4.5 to 6 per cent in 


cent in the infrared (above 7,600 


Angstrom 


the ultraviolet (below 3,800 
units), with the following provisions: 

“The average spectral distribution in 
each range (ultraviolet visible and in 
frared) in any one plane must fall 
within the tolerances of 50 to 60 per 
cent in the infrared (above 7,600 Ang- 
strom units) and 4.5 to 6 per cent in 
the ultraviolet (below 3,800 Angstrom 
units). However, variation across any 
horizontal plane should not exceed plus 
or minus 10 per cent of the average 
for that plane. 

“This means that every reading of 
spectral intensity shall fall within the 


range of ultraviolet or infrared, as men 





“The cost of 


reemphasizes the 


modern equi; 
ment need 
for design and selection of ma 
terials that can withstand the 
extremes that 


i j 
wii 0e encountered in world 


} 
environmental 


, , 
wide operations 





tioned above, except that the contractor 
shall be permitted to vary beyond the 
limits of the particular spectral range 
so long as such variance is within plus 
or minus 10 per cent of the average 
reading in the plane considered, which 
average reading must, however, be 
within the range of 50 to 60 per cent 
in the infrared (above 7,600 Angstrom 
units) and 4.5 to 6 per cent in the 
ultraviolet (below 3,800 Angstrom 
units. 


“Also, 


radiation 


total intensity of simulated 


solar must not vary more 


than plus or minus 10 per cent in any 
horizontal plane over the 8- by 8-foot 


cross-sectional area served. 


FTER analyzing the shortcomings 


of former methods used to pro 


duce laboratory and sunshine, it 


that a 


rain 


was decided radically different 
approach was necessary to obtain more 
realistic simulation of both environ 
ments. The problems that had to be 
solved were: Simulation of droplet size 
which would be within the range of 

water source 


to 6 mm. in diameter, a 


which would ensure uniform coverage 


of a test plane, and a similar water 
source which would allow for variations 
in Water output to permit flow rates of 
from inch to 24 inches per hour on 
the test plane. 

Extensive research and development 
time was invested to find the best meth 
ods of producing the desired results. It 
was finally determined that a single 
droplet source, such as a capillary tube 
would offer the best reproducibility of 
all parameters. The inner diameter ind 
the length of the « ipillary tube ensures 
close control of water volume flowing 
from the tube under various pressure 
heads 

The 


tube presented a constant 


annular area of the capillary 


Surface area 
so that water emitting trom the orifice 
would build up in volume to a droplet 
of sufhcient weight to enable it to over 
come surface tension and thus fall into 
space, 

Similarly, the length of the capillary 


tube represents a finite pressure dro; 


which also must be kept constant in 
order that uniform distribution be 
wchieved. Variations of water quantity 
ire achieved by varying the water head 
acting on the capillary tubes to change 
the flow rate from inch to 24 inches 


per hour within the tolerances given 
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The installation of this capillary sys 
tem was achieved in the following man 
ner: The proper number of capillary 
tubes was determined and resulted in 
a number of tubes well over 11,000 for 
the area required. These tubes were se 
curely sealed and bonded into the bot- 
tom of completely sealed stainless-steel 
pans which were then mounted on the 
underside of the ceiling of the environ- 
mental chamber. 

The chamber itself was built 24 feet 
high, which was the maximum height 
available within the building, to permit 
the droplets as much free fall as possi 
ble in order to achieve natural terminal 
velocity. The water fell on a perforated 
floor through which it drained to a 
stainless-steel sump leading to an in- 
sulated storage tank. The storage tank 
was equipped with heating and re 
frigerating equipment in order to main- 
tain the water at the desired control 


temperat ure. 


ROM the storage tank the water was 
lifted by centrifugal pump through 
pressure-regulating devices to a series 
of micrometer needle valves. These 
valves could be set accurately for vari- 
checked with a 


meter to 


ous flow levels and 


flow pro- 


variable-diameter 
duce rainfall intensities as required. A 
combination of these metering devices 
used in parallel results in the totaliza- 
tion of the individual flow rates of each 
needle valve. 

The 


trolled is pumped through a series of 


water thus metered and con 
filters to a standpipe located several feet 
above the capillary tubes. This stand- 
pipe creates the varying liquid head in 
accordance with rainfall-intensity _re- 
quirements. 

A conditioning system within the 
room itself moved air in a vertical di 
rection opposite to the waterflow, re- 
ducing the possibility of nonuniformity 
by side-to-side air motion as well as 
removing mist and water vapor which 
might otherwise fall. The air used to 
accomplish this was then passed through 
the conditioning compartment where 
heating or cooling could be accom 
plished. 

The investigation of the sunshine 
simulation problem resulted in the fol- 
lowing conclusions: It appeared impos 
sible to achieve the uniform distribu 
tion in any plane with the use of more 


than one type of lamp since there would 
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be areas directly under each of these 
lamps where the energy that the lamp 
emitted would be higher than else- 
where. 

The only way that uniform distribu 
tion could ever be achieved with the 
combination of lamps would be to 
have an almost infinite number of small 
lamp sources which could be mixed in 
such a manner as to produce negligible 
stratifications. These facts pointed to 
the need for developing a single source 
to produce the entire spectrum as re- 
quired. 

Since the requirement for ultraviolet 
energy is reasonably high, it became 
apparent that the source would have to 
be a lamp which would permit energy 
output in the visible and infrared range 
as well as in the ultraviolet range. 

The source chosen was a mercury 
vapor lamp. One of the shortcomings 
of this type of lighting device is its 
inability to vary the output over a large 
range. Lamps of this type must be 
operated at nearly full voltage in order 
to produce their given output, thus 
offering relatively little flexibility in the 
amount of intensity to be achieved. 

The particular problem which de- 
veloped was the phenomenon that each 
lamp produces some energy at virtually 
every point in the measuring plane. In 
other words, a lamp located at the 
upper left-hand corner would produce 
some energy measurable in the lower 
right-hand corner. Thus it was neces 
sary to select lamps in banks in such a 
manner that the overlapping effect 
which represents the total accumulation 
of energies at any given point would 
maintain uniformity. Two such reduced 
lamp bank levels were obtained. The 
third step resulted in all lamps having 


to be energized. 


y further developed that an area com- 
i 


with 


blanketed 


uniform centers produced points of ex- 


letely lamps on 
tremely high intensity across the plane. 
Such points were particularly evident 
at or near the center of the measured 
plane since the center of the room 
represented the closest distance to all 
of the lamps in the assembly. 

The calculations were employed to 
determine the high spots which would 
result and necessitated the removal of 
approxim itely 10 per cent ol the lamps 
originally designed into the assembly 


to produce uniform intensity. 


The entire lamp assembly was in- 
stalled on a rack capable of being raised 
or lowered from a maximum position 
of 10 feet above the chamber floor to a 
minimum position of 3 feet above the 
chamber floor, thus achieving the vari- 
able intensity from zero to 140 watts 
per square foot. 

The mechanism designed to raise 
and lower the lamps was _ further 
equipped with program-cycling devices 
to permit the reproduction of a typical 
summer day, beginning with sunrise 
and increasing in intensity to the hour 
of noon; maintenance of maximum in 
tensity for a variable number of hours; 
and reduction to zero intensity for sun 
set in the evening. 

A custom-built spectral radiometer 
was employed to obtain both the total 
energy generated as well as the actual 
spectral distribution. Since both the 
sunlamp as well as the rain-producing 
equipment covered the entire ceiling 
area ol the test room, it was, of course, 
necessary to have the sunlamp racks 
installed in such a manner as to permit 
easy removal from the test room during 


rain operation. 


HIS 


rapid interchange ot sunshine and 


arrangement permitted the 
rainfall tests to make possible the simu 
lation of natural conditions. The sun 
lamps themselves were connected to the 
power source by multipin connectors, 
thus requiring a minimum of intercon- 
necting tie-ins. The air temperature 
during sunshine tests is maintained by 
means of the circulating air passing 
over the sunlamps and thence through 
cooling coils capable of removing ap 
proximately 60 kilowatt-hours of heat 
generated by this equipment. 

This facility at Frankford thus pro- 
vides what is almost certainly the most 
advanced rain and sunshine chamber 
in existence. It gives maximum flexi- 
bility in both rainfall and spectral simu 
lation as well as the most nearly ac- 
curate simulation of these natural 
environments ever achieved. 

What is perhaps far more important, 
this facility may prove that sharply 
varying intensities and levels of these 
environments can produce detrimental 
effects not previously recognized. This 
in turn can establish a new factual basis 
for needed revisions in relatively loose 
ordnance specifications which no longer 
can be considered adequate. 
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NASA flight plans call for ICBM 
launching. The manned Mercury 
capsule will reach orbital velocity at 
about 120 miles, separate from the 
missile and ride horizontally in orbit 


Hurtling at 18,000 mph, the capsule 
will circle the earth in 90 minutes 
Going into its re-entry phase, the 
capsule will be rotated by attitude 
controls to come “‘home” bottom down 


A drogue parachute will be deployed 
at 70,000 feet, decelerate the capsule 
and stabilize it. The final descent chute 
will be deployed at 10,000 feet prepar 
atory for surface landing. Just prior 
to landing, pneumatic bags stored in 
the rim of the capsule will inflate to 
assure stability if landing is in water 








NEW TYPE OF RADIOPLANE 

PARACHUTE AN INTEGRAL 

PART OF NASA’S PLAN FOR 

RECOVERING FIRST MAN IN 
SPACE 


The leader in the development, testing 
and manufacture of recovery systems 
Radioplane—was selected by McDonnell 
Aircraft Corp. to join the National 
Aeronautics and Space Administration's 
Project Mercury. 

Today Radioplane is readying the cap- 
sule landing system. For the project, 
Radioplane will use the new Ringsail 
parachute—a parachute with two radical 
departures from conventional Ringslot 
style. For a new kind of performance, 


Radioplane designed the new crescent- 
shape-slot parachute. The Ringsail with- 


stands and reduces by as much as 35 
parachute opening shock at high-speed 
deployment. Drag coefficient and inher- 
ent stability are increased 

To solve the problem of aerodynamic 
heat without loss of strength, Radioplane 
is presently developing a high-tempera- 
ture-tolerant fabric for drag devices 
This landing system for Project Mercury 

exemplifies Radioplane’s unique capabil- 
ities. Scientists and engineers in Radio- 
plane’s Paradynamics Group combine 
their experience in the recovery field 
with the newest in equipment to develop 
systems with the highest degree of reli- 
ability. They are continually solving the 
increasingly complex recovery problems 
of the space age — producing the most 
efficient answers —at minimum cost. 


Pe aus 
RADIOPLANE 


Von Nuys, California, and Ei Paso, Texas 


A Division of NORTHROP CORPORATION 
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The world’s leading publications on armament and industrial preparedness 
are available to all citizens of the United States, along with membership 


in the American Ordnance Association. 


Many associates who share your interest in national preparedness would 
be anxious to take advantage of A.O.A. membership if they knew more about 


the aims and services of our Association. 


Why not tell them about our patriotic group of nearly 43,000 Americans 


who are actively building ordnance knowledge for the defense of our country? 


Remind them, too, that in addition to the regular publications (ORDNANCE 
magazine, THE Common Derense newsletter, and [NpusTRIAL PREPAREDNESS) 
membership means affiliation with a local A.O.A. Post and other advantages 
such as the money-saving Ordnance Book Service, national and regional meetings, 


plant visits, and the privilege of wearing official A.O.A. insignia. 


Better yet, send a friend this page from ORDNANCE and tell him 
of the personal satisfaction you derive from A.O. A. membership. 


ye yee ee es oe 


APPLICATION FOR MEMBERSHIP 


I hereby apply for individual membership in the American Ordnance Association and enclose 
annual dues ($5.00 for one year, or $12.50 for three years) which include Orpnance and other 
publications, and all other membership privileges. / certify that I am a citizen of the United States. 


American Ordnance Association, Mills Building, Washington 6, D. C. 


ein Sime i ei: ih “Spe sia alae Ss: “tans ea lk ni hase sa eae eee 
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The following companies have shown by their interest in the design and production of ordnance that they are ready 
to serve the United States through industrial preparedness for national security and peace. Such companies as these 
are indicative of the industrial strength of the Nation upon which the military might of the armed forces depends. 


ACF Industries, Incorporated, American Car and Foundry 
Division 

Aerojet-General Corporation 

Aeronca Manufacturing Corporation bas 

Aetna-Standard, A Division of Blaw-Knox Company 

Aircraft Armaments, Inc. 


Alumi c y of America 





P 


American Cystoscope Makers, Inc. 


American Machine & Foundry Company, 
Government Products Group eae 
Ampex Corporation, Professional Products Division 
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and this is the way the range is run: 


Management moves men toward common goals. But at Cape Canaveral, 
where we assist the Air Force in management of the Atlantic 

Missile Range, common goals are uncommon — even extraordinary. 

Here is a management involving unparalleled projects — Juno, 

Jupiter, Vanguard, Thor, Atlas, Titan, Polaris; extending over an 
incredible area — two continents, twelve islands and one ocean; 
working toward unprecedented achievements — the development of 
reliable ballistic missiles and the exploration of space. 

For Pan American, this experience has meant the expansion of our 
unique capability for large-area systems management. For 

members of our technical staff, it has meant the opportunity to 
achieve new personal goals, and to develop unusual professional skills, 
through scientific teamwork, coordination, and management. 

Other engineers and scientists, particularly those experienced in the 
areas of quality control, facilities engineering and electronics, 
should investigate the uncommon opportunities of a career with Pan Am. 
Please address your inquiry to Mr. J. B. APPLEDORN, Director of 
Technical Employment, Pan American World Airways, Inc., 

Patrick Air Force Base, Florida, Dept. 0-2. 
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Parsons’ record of job completion on or before 
target date proves Parsons’ dependability 

Breadth and depth of experience enables Parsons 
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to carry out the most highly specialized project 


with mature judgment and certainty of 
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AT MINUS 453° F. MINIATURE COMPUTERS DO THE WORK OF GIANTS 
Many computers of the future wi operate on principles of superconductivity 
at the temperature of liquid hel Components of extremely small size will 
combine with compact circuitry to realize greatly increased speeds of operation 
Studies are in progress in the application of low-temperature or cryogenic 
phenomena to the development of advanced electronic systems for military 
use. For many years, the IBM Federal Systems Division has been engaged in 
cryogenics research, with special emphasis on systems technology. The aim is to 

lve extremely compact computer units of improved reliability for the service 


of national defense requirements. Complete facilities for: Research + Develop 


ment * Manufacturing - Testing * Product Support + Systems Management. 
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In center, conventional circuitry is contrasted with equivalent cryogenic device (in white circle). Left and right 


photos show details of specially designed apparatus used to achieve low temperatures for superconductivity 





